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STALLARD OPERATING SPECTACLES 





These Operating Spectacles, designed by Mr. H. B. Stallard, 
F.R.C.S., were the subject of an article by him in the British 
Journal of Ophthalmology, October, 1950. They present the 
following advantages :— 

(1) When the extension carrying the lenses is swung upwards 
in front of the forehead, there is no obstruction below or to 
the sides of the operator’s field of view. (2) The lenses, 
being placed well in front of the operator’s nose and the plane 
of his mask, never become steamed over. - ~ 
(3) The spectacles are very light and 1 HEODORE. 
comfortable, exerting the minimum of FiAMBLIN I= 
pressure on the nose and ears. (4) They 15 WIGMORE STREET 
can be folded flat into a small space. | ONDONWL 
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BULBAR PRESSURE TEST IN GLAUCOMA* 


BY 


P. L. BLAXTER 


From the Glaucoma Clinic, Institute of Ophthalmology, London. 
Director of Research—Sir Stewart Duke-Elder 


TuIs paper describes a relatively simple clinical test devised to estimate 
the facility of outflow of aqueous from an eye while external pressure is 
being applied to the globe; such a test is obviously of value in the investigation 
of cases of glaucoma. 

The fact that it is possible to reduce the tension in the eye by massage has 
been known for many years, and interest in the subject was revived during 
the latter part of the 19th century, when the invention of the tonometer 
enabled changes in the intra-ocular pressure to be measured with some degree 
of accuracy. Schidtz (1908) himself noted that if the tonometer were left 
too long on the eye the tension was reduced, and Polak-van Gelder (1911) 
stated that this fall in tension was due to the expression of aqueous from the 
eye, and that its magnitude depended on the ease with which the aqueous 
could escape. She also stated that a greater amount of massage was necessary 
to produce the same fall in tension in glaucomatous as in normal eyes, 
and she appears, in fact, to have been the first person to use massage with a 
tonometer as a diagnostic test. Since then numerous attempts have been 
made to develop the potentialities of this technique, but, though many workers 
agreed that in general the pressure did not fall so much in glaucomatous eyes, 
especially those which were already in a state of increased tension, they were 
unable to produce a standard minimal fall in tension below which limit an eye 
can be considered abnormal. 

Thomassen (1946) studied the effects of compressing the eye with various 
weights. Although he found that eyes with advanced glaucoma were not so 
easily compressed, he came to the conclusion that it was not possible by this 
method to detect any significant difference between the fall produced in 
normal eyes and that in glaucomatous eyes with normal tension. Conse- 
quently, most of his work was devoted to the study of the secondary rise in 
tension that occurs after compression. His monograph includes a very 
comprehensive review of all the previous work done on this subject. 

Moses and Bruno (1950) studied the fall in tension produced by leaving 
an electric tonometer on the eye for 2 minutes, and stated that the rate of 
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flow as calculated from this fall was less in glaucomatous than in normal eyes. 
Grant (1950), in his first paper on the clinical estimation of aqueous outflow, 
described how, by using an especially adapted tonometer and calculations 
based on the work of Friedenwald, he was able to produce in normal eyes 
a figure for the “ co-efficient of resistance ” by which the facility of aqueous 
outflow could be compared. Grant (1951) applied this method of tonography ' 
to glaucomatous eyes and was able to state that in chronic simple glaucoma 
there was a marked obstruction to outflow which alone sufficed to account 
for all the tension changes occurring in this disease. He has also applied 
this method to congestive glaucoma and cases undergoing treatment. Weekers 
and Prijot (1952) have used the method with similar results. 

Suda and Kamao (1951) stated that the best provocative test for glaucoma 
was a pressure on the globe of 50 g. for 4 minutes. 

So far it seems that tonography has been the one instance when the 
massage test can produce reliable clinical results, and an increasing use of 
this technique can be anticipated in the diagnosis of glaucoma. It does, 
however, demand expensive apparatus and elaborate calculations. In the 
test to be described these are not required, though the test is clinically 
satisfactory, and also gives a higher percentage of positive results in early cases. 


Principle of the Test 

To understand the meaning of this test it is first necessary to consider 
briefly the principles of massage tests in general. 

Normally the volume of fluid entering the eye is approximately equal to 
that which escapes during a given time, and the intra-ocular pressure shows 
only minor variations. When external pressure is applied to the globe 
the intra-ocular pressure is increased by an amount depending on the degree 
of compression, the elasticity of the sclera, and the initial tension of the eye, 
less an amount due to the volume of blood and aqueous humour expressed 
from the eye. Fig. 1 shows the varying results obtained by application of 
50-g. pressure in fifty individual eyes. If the compression is maintained, the 
persistent fall in tension is due to the fact that aqueous is continually forced 
out of the eye at a rate which exceeds its rate of formation. 

Evidence for the assumption that the fall in tension is due to an increased 
rate of outflow of aqueous, which has been fully described by Thomassen, 
Grant, and others, is based on the following facts: 


(1) It is possible to see an increased rate of flow in the aqueous veins when pressure is 
applied to the globe (Goldmann, 1946; de Vries, 1947). 

(2) After the first few seconds, when blood is being expressed from the globe, the fall 
in tension is gradual (Fig. 2). 

(3) When tonography is performed on cadaver eyes with no circulation or secretion 
the fall in pressure is greater than in normal eyes (Grant, 1950). 

It is of course possible that, in addition to the expression of fluid from the globe, 
the application of external pressure depresses the rate of formation of aqueous, a 
factor which would tend to increase the fall in intra-ocular pressure ; the importance 
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the eye was compressed with 
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of this is uncertain but that it cannot be very great is clear from the experiments on 
cadaver eyes already referred to. It would seem clear that, after the initial expression 
of blood, the alterations in intra-ocular pressure which occur during compression 
of the globe are due to a change in the volume of aqueous humour. 

External pressure will also tend to distort the contents of the globe in a way which 
will depend on the method and site of application of the pressure. This will be 
referred to again in considering the results obtained from the bulbar pressure test 
when performed on cases of congestive glaucoma. 

The principle of the bulbar pressure test depends on the fact that, if an eye is 
compressed and the change in intra-ocular pressure recorded at the same time, 
information is obtained’ from which a figure can be calculated which is directly 
dependent on the change of aqueous volume. This figure, which has been termed 
the outflow fraction (O.F.), has been found to differ significantly in normal eyes 
and in eyes in which the outflow of aqueous is restricted. 

The fact that it is necessary to record the changes in pressure whilst the eye is being 
compressed and not after the compression has been removed, when other factors 
such as reflux of blood into the eye can interfere with the reading, has made it 
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Fic. 4.—Principle of bulbar pressure test. to 
necessary to use two instruments on the pe 
eye, a Schidtz X tonometer (weightless) 
3 . 5 te 
to record the changing tension, and a 
dynamometer to apply the additional 
compression required. th 
Method ms 
Fic. 3.—Application of bulbar pressure test. PP coe ner yc ye Deine th 
60° is placed in the conjunctival sac to prevent _ ut 
corneal damage. The patient lies on a th 
B couch and fixes an object suspended above pc 
50° his head with the eye not being tested. hi 
oa To perform the test on the right eye the re 
10 405 tonometer is applied to the centre of the gr 
3 Cc cornea with the left hand, and the first i 
* 90% reading (A) is taken. The Bailliart dynamo- in 
$ meter is held in the right hand, and its foot 
E 20- applied to the lateral side of the globe Fosg 
. la behind the insertion of the lateral rectus fo 
Io: muscle, the position varying a little accord- su 
. ing to the width of the palpebral aperture fal 
(Figs 3 and 4). A pressure of 50 g. is pr 
Oat. h- casas ab adhe a les ia "applied, and after allowing 10-15 seconds ca 
+504. OFF for the intra-ocular pressure to become Wi 
stable, the reading B is noted. This a\ 
Fic. 5.—Diagram of bulbar pressure test position is maintained for 4 minutes, after the 
performed on a normal eye. which the reading C is taken. The th 
100 a ta pean —™ ( AD =9 mm. Hg. dynamometer is then removed to give the th 
=35% =53% reading D (Fig. 5). The position of the 
A hands is reversed when the left eye is tested. 
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Result in Normal Eyes.—Fig. 5 shows the changes in intra-ocular pressure, as 
recorded on the Schiétz tonometer, that occur when the eye is compressed in this 
way. The initial pressure A rises to B when the dynamometer is applied. Whilst 
the compression is maintained the pressure falls steadily, until after 4 minutes 
it reaches C; finally, on removing the dynamometer, the reading D is obtained. 
This last reading depends on the amount of fluid that has been expressed less the 
amount of blood that flows back into the eye when the compression is removed. 
Its value is therefore influenced by this latter factor, the effect of which is unknown, 
and consequently it cannot be used to calculate the outflow fraction; it is the 
difference between B and C (B-C), the change in pressure whilst the compression 
is being applied, which is significant. 


It is unfortunately not sufficient to compare the tension produced by com- 
pressing different eyes in absolute values (B—C mm. Hg) because the effect, in terms 
of pressure, of removing a given volume of fluid from an eye depends on the initial 
pressure of that eye; the loss of a given volume of fluid would produce a greater 
fall in tension in an eye with high initial pressure as compared with one in which 
the initial pressure was low. In the bulbar pressure test we are concerned with the 
volume of fluid expressed in a given time from eyes with variable initial tensions; 
to produce a basis of comparison, the fall in tension is therefore represented as a 


percentage of the initial tension <i! , and it is this figure that has been 





termed the outflow fraction (O.F.). 


By compressing the eye and calculating the O.F., an estimation can be made of 
the reserve capacity for drainage through the canal of Schlemm. External pressure 
forces aqueous out of the eye and at the same time places an additional strain on 
the drainage mechanism. When sufficient compression is used to force aqueous 
through all the possible exit channels by 40a 








. utilizing them to their maximum extent, B 
the drainage system is working to its full +“ c 
potential and the value for O.F. is at its co rs 
highest. In this event, however, the 
reserve has become exhausted, so that, if 50" 
greater compression is used, although the jw 
tate of flow is accelerated, the resistance AG" 
increases, the efficiency of the drainage = 
‘mechanism is diminished, and the value 230" 
for O.F. becomes less, until with a pres- £ ‘nl 
sure of about 80 g. only a relatively slight _- . 
fall in tension can be recorded whilst the © A 
pressure is being applied (Fig. 6). We ‘07 ¢ 











cannot at present be sure what happens mi D 
with still higher pressures, as they produce Mea tos. ae 
a value for B which is beyond the range of d,- ---4 min- - ~-t, 


the tonometer. The weight that produces Rin ite f bulbar test 
n ‘ G. 6.—Diagram of bulbar pressure 
the maximum value for O.F. is termed for normal eye, using 80 g. dynamometer 


the optimum compression and its value in _ weight. 
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normal eyesis approximately 
45 g. (Fig. 7). If there is an 
anatomical constriction to 
the outflow channels, the 
capacity of the drainage 
mechanism is less, and the 
value for the optimum com- 
pression is smaller; con- 
versely, in eyes with a patent 
trephine in which the outflow 
channels are supplemented, 
greater weights can be used 
before the drainage becomes 
impaired (Fig. 8). 

The bulbar pressure test 
has been developed with the 
purpose of accentuating the 
difference between the facility 
of outflow in normal and 
glaucomatous eyes by com- 
pressing the eye with a 
weight that is greater than 
the optimum compression 
for a normal eye; it has been 
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Fic. 8.—Results of compressing normal and glaucomatous eyes with varying weights, 
showing divergence of curves when weights are used above that producing optimum 
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found in practice that a pressure of 65 g. (tonometer 15 g. + 50 g. applied with 
dynamometer) suffices to accentuate this difference. 


Clinical Application of the Bulbar Pressure Test 


Method.—The eyes are anaesthetized with pantocaine 1 per cent., and a drop of | 
paroleine is placed in the conjunctival sac to prevent corneal damage. The patient 
lies on a couch and fixes an object suspended above his head with the eye not being 
tested. 


(1) As a preliminary, useful information can be obtained by allowing the Schidtz 
X tonometer to rest on the cornea for 4 minutes, taking the tension at the beginning and 
at the end of this time. In the norma! eye, the value for O.F. obtained by this method 
should be above 30 per cent. A lower reading indicates a severe obstruction to outflow. 

(2) After allowing time for the intra-ocular tension to return to a steady level (about 
30 minutes), the bulbar pressure test proper is performed, using the method which has 
already been described. 


In general, patients tolerate this manoeuvre well, although occasionally a 
patient is found whose continual blinking or squeezing upsets the readings. With 
patients with only one seeing eye, it is sometimes difficult to perform the test on the 
good eye due to lack of fixation. No discomfort is felt during the test although there 
may be a slight discomfort and blurring of vision afterwards. This test has been 
done on over 800 eyes with no case of corneal abrasion or severe discomfort. 


Results 

(1) Fig. 9 shows the results obtained by compressing fifty glaucom- 
atous eyes with the Schidtz X tonometer alone. The lowest value 
for O.F. which can be considered the normal for this method is 30, and on 
this basis 44 per cent. of the cases show a positive result (O.F. less than 30), 
but most of these positive results were obtained from cases in an advanced 
state of the disease or with an abnormally high intra-ocular pressure at the 


time of the test. The majority of the 
i - 44%o +ve 


early cases with normal tension had 
is 20 25 30 35 40 45 SO 


NUMBER 
OF EYES 


a normal O.F. er 

(2) Fig. 10a (overleaf) shows the sethantes pape 
results of the bulbar pressure test per- 5. 9 Results obtained in hie does eee 
formed on 83 normal eyes. The  Schidtz tonometer alone (normal 30.) 
average value for O.F. was 34, and 
therefore, in the bulbar pressure test, values below 29 are considered to be 
indicative of obstruction to the aqueous outflow, and those below 25 to be 
definitely abnormal. 

Fig. 10(b) shows the results when the test was performed on 199 cases of 
chronic simple glaucoma. In 88 per cent. the value for O.F. was below 
29 and in 73 per cent. it was below 25. 

Fig. 10(c) shows similar results obtained with 114 cases of congestive 
glaucoma. In 74 per cent. the value for O.F. was below 29, and in 62 per 
cent. it was below 25. 
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‘ NORMAL (83) ia In Fig. 10(d) seven cases of 
absolute glaucoma are seen to give 
100 per cent. positive results. 

(3) Fig. 11(a-c), which shows 
the results obtained from the same 
cases as are shown in 10(a-c) when 
O.F. is calculated from A - D, is 
included for comparison. Not 
only do the glaucomatous eyes 
show a much smaller percentage 
of positive results, but the figures 
for the normal and glaucomatous 
5 ABSOLUTE GLAUCOMA (7) Nl 100%etve “ eyes vary over a range so wide 

—a a os _séthatt' they are apparently without 
os 0 5 5 50 SS wh kts 
B-C PER CENT. significance. 


Fic. 10 (a-d).—Results of bulbar pressure test (4) Fi Ig. 12 (opposite) shows the 
performed on normal and glaucomatous eyes. same results further analysed by 
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glaucoma according to the 5 (a 
state of the disease as 
Grade 1 (a) Eyes with no 
eye is a known case of glau- 
1 {5 20 25 30 35 40 45 50 55 60 65 70 
(6) Similar cases eyes as shown in 10 a-c when outflow fraction was 
Grade 2 (a) Eyes with early field loss but with normal tension. 
Grade 3 (a) Eyes with gross fieid loss but normal tension at the time of test. 


assessed byclinicalexamin- $ — cupowic cLAvcoMa 7” 
1 
symptoms or signs of glau- 
coma (i.e., the preglauco- Ss ais Sao 
but with positive provocative calculated from A-D. 
(b) Eyes with tension of over 27 mm. Hg at the time of test but with 
(b) Advanced cases with tension above 27 mm. Hg at the time of 


classifying the cases of 
NORMAL 
ation: 
coma but where the fellow 5, CONGESTIVE GLAUCOMA se 
matous state). Fic. 11 (a-c).—Results from same normal and glaucomatous 
tests. 
normal discs. 
test, and field loss. 


Discussion 
(1) The results obtained when the Schidtz tonometer was used alone show 
a much smaller percentage of positive results than were obtained with 
the bulbar pressure test; this is probably due to the fact that the compression 


(15 g.) is below the optimum compression of a normal eye, and is thus 
insufficient to accentuate differences in the facility of outflow unless the 
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Fic. 12.—Results from classified cases of chronic simple and congestive glaucoma. 


obstruction is marked. While a negative result is therefore of no 
significance, a positive result undoubtedly indicates a severe degree of 


obstruction. 


(2) The high percentage of positive results obtained in chronic glaucoma, 
even in the earliest cases (and the fact that cases with raised tension at the 
time of the test show 100 per cent. positive results), indicates that obstruction 
to aqueous outflow is one of the major factors in the aetiology of the disease. 


(3) The results from the cases of congestive glaucoma, of which even the 
early cases with no tension show a fair number of positive readings, are at first 
a little surprising; it is contrary to what one would expect and to what has 
been found by other workers. This, however, is probably explained by the 
nature of the test itself. As will be seen from the diagram (Fig. 3), pressure 
behind the ciliary body will cause an increase of pressure in the posterior 
chamber; this will have the effect-of pushing the lens and iris forward, and in 
an eye with a narrow angle this may be sufficient to cause angle-block; for 
this reason positive results obtained with the bulbar pressure test in cases of 
narrow angle glaucoma cannot be considered as indicative of an obstruction 
to outflow and are in fact merely a confirmation of the gonioscopy findings. 
In such cases, therefore, the test is of little value, although a positive result 
obtained with the Schiétz X tonometer alone when the pressure is on the 
front of the eye is indicative of obstructed outflow. 
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TABLE 
EFFECT OF MIOTICS ON BULBAR PRESSURE TEST 




















Eye .. a Right Left 
Case Schidtz X oe: Schidtz X Bulbar 
Tonometer Tonometer Pressure 
Alone —— Alone Test 

- Before Miotic | 13 | 10 40 28 

After Miotic | 32 | 19 40 29 

Before Miotic | 12 | 12 30 28 

After Miotic 32 18 35 28 




















In both cases the Tension of the R.E. was raised before miotic therapy and both tests produced a itive result, 
but after — when the tension was normal a positive result was obtained with the B.P.T., on not with the weightless 
tonometer alone. 


(4) Effects of Miotics.—The Table shows the results of the bulbar pressure 
test performed on two cases of chronic simple glaucoma before and after 
miotic therapy. In each untreated case the tension in the right eye was raised 
and a low reading was obtained with the weightless tonometer alone as well 
as when a 50 g. compression was used. After treatment, however, when the 
initial tension was normal, although the reading was within the normal limit 
for the test with a weightless tonometer alone, the bulbar pressure test still 
showed a low reading. 

Moreover, the results of the bulbar pressure test are not greatly influenced 
by the phase through which the ocular tension is passing, positive results being 
obtained in a falling phase as well as when the tension is rising or level. 

These two facts suggest that in chronic simple glaucoma there are two 
processes to consider. The first is a permanent structural resistance to 
outflow which reduces the reserve capacity of the drainage mechanism but 
does not itself cause a rise of tension, at any rate in the early stages, although 
it allows the eye to respond less easily to other physiological or abnormal 
factors which tend to increase the tension. This obstruction exists whatever 
the phase of the ocular tension and is not overcome by miotics. 

The second factor, which is probably vascular in origin and may be over- 
come by miotics, is probably the cause of the phasic variations in the tension. 
It is presumably because of the flexibility of this second factor that the tension 
in the eye is not constantly raised in spite of the permanent obstruction to 
outflow. It is possible that this factor is also present in normal eyes and that 
the increased swing of the phasic variations occurring in early simple glau- 
coma is merely the normal variation being amplified by the permanent 
obstruction, the tension being normal when the vascular phase is in favour 
of easy drainage and rising above normal when the vascular element, either 
by increasing secretion or hindering drainage, would cause a small rise in the 
normal eye. Miotic therapy is capable of overcoming this vascular element 
but not the obstructive element. 
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It is convenient at this point to consider the clinical value of the bulbar 
pressure test in relation to the pressure test with the weightless tonometer 
alone and with tonography, because the combination of these methods 
gives a reliable means not only of diagnosing early chronic glaucoma, but 
also of estimating whether or not a case is likely to be controlled by miotic 
therapy. 

The bulbar pressure test itself places an abnormal strain on-the drainage 
mechanism; this amplifies the effect of the permanent obstruction so that 
positive results may be obtained whatever the state of the vascular factor. 
It is in fact independent not only of the phase of ocular tension but also of the 
effects of miotic therapy, so that, although the value for the outflow fraction 
for a glaucomatous eye may be higher when repeated after miotic therapy, 
it is usually not as high as the normal value. Therefore, whilst as a diagnostic 
method the bulbar pressure test is superior to tonography or the weightless 
tonometer alone, a positive reading with this test on an eye under the influence 
of a miotic does not necessarily mean that the tension cannot be controlled 
in normal conditions by a miotic, although a very low value for the outflow 
factor suggests that this is probably the case. 

Tonography and the pressure test with the weightless tonometer alone are 
directly comparable. (Grant estimates that the value of 0:1 is the limit 
for normal eyes, and this is equivalent to an outflow fraction of 25 which 
is the limit for normal eyes with the bulbar pressure test.) 

If an eye gives a positive result with either tonography or the weightless 
tonometer alone, it is indicative of a fairly high degree of obstruction, but 
early cases do not produce as high a percentage of positive results as the 
bulbar pressure test because the strain on the drainage channels is not so 
great, the compression being well below the optimum compression instead 
of above it (Fig. 5). 

If, however, a positive result is obtained with the tonometer or tonography 
on an eye under miotic therapy, it indicates that the obstruction is of such 
a severe degree that it is unlikely that the tension in the eye can be controlled 
without a filtering operation. 

The combination of these methods is the only ready means we have of 
making a firm diagnosis of chronic glaucoma in the doubtful cases, and of 
estimating with accuracy in any type of case whether operation (or a second 
operation) is necessary. 


(5) Use of the-Bulbar Pressure Test 


(a) The test is a reliable diagnostic test for doubtful and early cases of 
chronic simple glaucoma and has, in fact; proved in many cases to be the 
first positive sign (Figs 13, 14, and 15, overleaf). 


(b) The test, combined with a test with the weightless Schidtz alone, yields 
considerable information about the state of the outflow channels. A positive 
test with the weightless Schidtz indicates a gross obstruction to outflow 
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Fic. 16.—Bulbar pressure test performed in a case of chronic simple glaucoma before 
and after right and left trephine. 


probably existing all the time. If it is positive in spite of the use of miotics, 
the indication is that surgery offers the only means of treatment likely to be 
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successful. A positive result with the bulbar pressure test indicates that the 
reserve drainage capacity is diminished so that, whilst the tension may still 
be normal, the eye cannot deal efficiently with factors tending to increase the 
tension. 


(c) The test has also proved valuable in estimating the efficiency of filtering 
operations (Fig. 16). The results obtained when the test was performed on a 
series of eyes which had undergone such operations are shown in Fig. 17; 
these results will be ‘more fully discussed in a further communication. 
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Fic. 17.—Results of bulbar pressure test performed on 82 operated eyes. 


Summary 


(1) The principles of the bulbar pfessure test and its application are des- 
cribed. 

(2) The results indicate that the test is of value in the early diagnosis . 
of chronic simple glaucoma, but is apt to be misleading in congestive 
glaucoma. 

(3) The test is of value in investigating the success of filtering operations. 

(4) When combined with tonography, the test enables the examiner to 
decide whether surgery is necessary in any individual case. 

(5) The nature of the results obtained in cases of chronic simple glaucoma 
suggests that the main factor in this disease is obstruction to aqueous outflow, 
and that this obstruction has two components: one permanent, anatomical, 
and sclerotic, and the other variable and vascular in origin. 

(6) A scheme for the rapid calculation of results is given in the Appendix 
overleaf. 
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CATARACTS IN GALACTOSAEMIA* 
BY 
F. D. MCAULEY 
London 


WHEN milk is taken by mouth, the lactose that it contains (breast milk 
contains a higher concentration than cow’s milk) is hydrolysed by the enzyme 
lactase into its constituent monosaccharides, glucose and galactose, which 
are absorbed from the intestine, probably by a process of phosphorylation. 
The galactose, which is the most readily absorbed of the monosaccharides, 
is then taken to the liver by the portal circulation, where it is normally con- 
verted into glycogen by the hepatic cells. 

Galactosaemia is a disorder of metabolism in which this conversion of 
galactose into glycogen is interrupted, and in consequence the blood level of 
the sugar rises, allowing a considerable quantity to appear in the urine. 
The basic cause of the disease is said to be a defective enzyme system in the 
liver, the exact nature of which is, as yet, unknown. 

Clinical features of the disease are a failure to thrive, hepatomegaly, 
splenomegaly, albuminuria, jaundice, cataracts, and a low blood glucose 
level; mental retardation is a feature of long-standing cases. .A familial 
tendency has been noted in some of the cases reported (Géppert, 1917; 
Bell, Blair, Lindsay, and Watson, 1950; Donnell and Lann, 1951; Townsend, 
Mason, and Strong, 1951; de Haas, 1951; Gorter, 1951; Ellenburg and Peter- 
son, 1951). 

The association of cataracts with galactosaemia was originally described 
by Mason and Turnert in a personal communication to Bruck and Rapo- 
port (1945), who referred to it in a report of a case of their own. 


Case Reports 
Two further cases of galactosaemia are now reported, showing lens changes which 
regressed with treatment of the disease; a report on the general condition in each case is 
to be published later but the ocular changes deserve special comment. 


Case 1.—A 12-day-old male infant was admitted to the Queen Elizabeth Hospital for Chil- 
dren, London, under the care of Dr. C. T. Potter. 

He was not thriving normally, and was lethargic and jaundiced; the liver and spleen 
were enlarged. The urine constantly contained a substance which reduced Benedict’s 
reagent and which was later identified as galactose, confirmed by paper partition chroma- 
tography. Glucose tolerance was normal but a galactose tolerance test showed a grossly 
abnormal curve. 


Ocular Examination.—At the age of 4 weeks a small opacity was seen in each lens which 
was recorded as being “ post-capsular in one eye and centrally placed in the other ”. 
He was started on a lactose-free diet 4 days later, after which his general condition began 
to improve. 





* Received for publication July 3, 1953. 
t Mason and Turner (1935) had not recorded the presence of cataracts in this case in their original description of it. 
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At 6 months of age it was noted that his eyes failed to follow a light. Ophthalmological 
examination at 8 months showed a left divergent strabismus of 35° with good fixation 
in either eye, the right apparently being the dominant eye. The pupils and movements 
were normal. On ophthalmoscopy a central disc-shaped opacity was observed in the 
right eye which appeared to be in the region of the posterior pole. The left lens showed 
punctate opacities. 

At 94 months binocular fixation had developed but an exophoria was manifested on 
occlusion. The opacity in the right lens remained unchanged while the left lens appeared 
clear. At the age of 16 months, the ocular condition was essentially the same, though the 
faint opacity in the right lens was still present. 


Case 2.—A male infant aged 4 weeks was admitted to the Westminster Hospital, under the 
care of Dr. Ian M. Anderson on 9 September, 1952. He was a small, wizened, and leth- 
argic baby with hepatomegaly and splenomegaly ; jaundice was absent on admission but had 
been noted during the first week of neo-natal life. The urine contained a substance which 
reduced Benedict’s reagent. One week later, the blood sugar, in a sample taken 2 hours 
after a feed, was 280 mg. per cent. ; specific tests, including paper partition chromatography, 
revealed the excess sugar to be galactose; in a specimen taken after a 4-hour fast, galactose 
was present to the extent of 205 mg. per cent., and the glucose level was 52 mg. per cent. 


Ocular Examination.—At the age of 6 weeks fixation had not yet developed, but the 
eyes appeared to be in alignment. The pupils and movements were normal. With the 
ophthalmoscope faint striate opacities were seen to radiate from the clear central area 
of both lenses; these appeared to be situated anteriorly and simulated a wrinkling in the 
lens capsules (See Figure). Nothing abnormal was noted in the fundi. 





Ficure.—Ophthalmoscopic appearance of the lenses 
at 6 weeks. 


On the following day the patient was started on a lactose-free diet, whereupon the urine 
became sugar-free and the blood sugar level fell rapidly to 90 mg. per cent. Ophthal- 
moscopic examination one week later showed no evidence of the striate opacities which 
had previously been noted. 

When he was 7 weeks old there appeared to be a marked difference in refraction between 
the axial and peripheral portions of both lenses which made observation of the fundi 
difficult. This effect was still present when he was examined 3 weeks later, but had dis- 
appeared by the time he was 14 weeks old. Subsequent monthly observations revealed 
apparently clear lenses. 

At 7 months of age, however, a very faint central opacity was discovered in the left 
lens which appeared to be situated at the posterior pole. Six months later this faint 
opacity was still present but the right lens remained clear. On cover test a small angle 
of exophoria with rapid recovery was manifested; this had not previously been noted. 
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Discussion 
Cases previously Reported.—Of 33 cases so far reported in full, lenticular 
changes were noted in 21. 

The reports of von Reuss (1908), Géppert (1917), and Unshelm (1934) do 
not mention examination of the eyes. Of the remainder, one case was diag- 
nosed on the 8th day and treatment was instituted promptly, thus probably 
preventing the onset of lens changes (Bell and others, 1950). The patient of 
Maris and Valcke (1953) was stated to have a fluffy appearance of the lens 
on the 15th day although cataracts were said to be absent. In another case 
it was stated that “the optic fundi on examination were not unusual ” 
(DuShane and Hartman, 1951). The diagnosis of galactosaemia in one of 
the three cases of Townsend, Mason, and Strong (1951), which were free 
from lens changes, was made shortly after birth; the other two were diag- 
nosed at 6 weeks and 5 months of age respectively. This last case appears to 
be the oldest recorded untreated patient who was free from cataractous 
changes. In a case diagnosed at 2 months of age in which the patient died 
before treatment was begun, cataracts were not demonstrated in vivo or 
post mortem (Edmonds, Hennigar, and Crooks, 1952). 

Ellenburg and Peterson (1951) refer to subsequent operative treatment of 
the lenses of the cases originally recorded by Norman and Fashena (1943) 
and Mellinkoff, Roth, and McLaggan (1945), thus suggesting that lens chan- 
ges did occur in these cases. 

The evidence therefore indicates that cataract may be regarded as a constant 
feature of untreated cases, the oldest untreated case with clear lenses being 
the 5-month-old child reported by Townsend and others (1951). It is also 
suggested that disturbance of the osmotic equilibrium between the lens and 
the aqueous is the major factor in the production of these changes. 


Histological Changes.—The occurrence of cataractous changes in rats fed 
on galactose or on lactose is an accepted phenomenon (Mitchell and Dodge, 
1935; Yudkin and Arnold, 1935; Bellows, 1936; Bellows and Rosner, 1937; 
Gifford and Bellows, 1939; Mitchell and Cook, 1940; Yudkin and Geer, 
1940). 

The histological changes present in the lenses of white rats fed on a diet 
containing 50 per cent. galactose, but in which all known essential food 
factors were included, were described by Gifford and Bellows (1939). They 
found that the degeneration affected the young fibres near the equator, 
following the course of these fibres towards the anterior and posterior poles. 
There was a layer of unaffected tissue next to the capsule which suggested 
that the youngest fibres are not affected, or that, as is more likely, new fibres 
continue to be laid down from the most posterior cells of the capsular epi- 
thelium more rapidly than degeneration becomes apparent. Changes in 
the capsule and in the capsular epithelium were said to occur quite late. 
The nucleus and a layer of cortex ensheathing it were apparently intact in 
all stages except when the cataract was in the mature state. 
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Animals which showed early cataractous changes and which were then fed 
on a normal diet, leading to complete disappearance of opacities as observed 
ophthalmoscopically, did, however, have the remains of degenerate fibres 
just peripheral to the nucleus. These areas of degeneration had been compres- 
sed towards the centre of the lens by a layer of newly formed, apparently 
normal, fibres. Gifford and Bellows state that, in their observations, the 
nucleus was the last part of the lens to be affected. 


Metabolic Studies.—Disturbance of the glutathione content has been put 
forward as a causal factor in the cataractogenesis. Rosner, Farmer, and 
Bellows (1938) state that the glutathione content of the lens at birth approxi- 
mates to that of the blood, but that in the first few days of life this is rapidly 
augmented in order to meet the mounting metabolic and growth demands of 
the lens. This increase continues until the fourth month of life after which 
the amount present in the lens declines slowly. It appears that the variation 
of glutathione content is mainly confined to the cortex. When animals are 
fed on galactose the glutathione content in the lens diminishes, rapidly in 
the beginning and more slowly as feeding is continued. This depletion is 
unlikely to be due to loss through the lens capsule, because the capsule has 
been shown to be less permeable to glutathione in the presence of galactose 
(Bellows and Rosner, 1938). It is suggested that the decreased glutathione 
content is due to an upset of metabolism as a result of a failure of anabolites 
to enter into the lens, and/or of metabolites to escape from it. A return 
to normal transparency is accompanied by a resumption of its normal 
concentration of glutathione, but the opaque portion of the lens is unable 
to recover its glutathione. It is interesting to note that Bellows and Shoch 
(1950), in their experiments on diabetes induced by feeding alloxan to rats, 
found that if diabetes did not develop there was no fall in the lenticular 
glutathione. They also noted that the alloxan did not lead directly to a 
decrease in the quantity of glutathione, since this did not occur until at least 
72 hrs after all the alloxan had been excreted and detoxified. It would appear 
therefore that depletion of the lenticular glutathione is not necessarily a 
precursor of the cataractous changes occurring in these cases. 

The blood glucose level is lowered in galactosaemia; it has therefore been 
suggested that hypoglycaemia may be a factor in the cataractogenesis. This 
is unlikely to be the case, since cataracts are not ordinarily seen in spontaneous 
hypoglycaemia although a 6-year-old boy in the care of the ophthalmic de- 
partment of Westminster Hospital for bilateral cataracts has spontaneous 
hypoglycaemia, and Grotts and Arnold (1949) have reported cataracts in 
two cases of functional hypoglycaemia in children. 

That the aqueous concentration of glucose varies directly with that of the 
blood, has been shown by the intravenous injection of glucose (Duke-Elder, 
1927), by the injection of insulin (Ohkuni, 1924), ‘and by any condition in 
which the sugar content of the blood is altered (Dieter, 1925). On the other 
hand, Sasaki (1938) found that the concentration of simple sugars in the 
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cataractous lenses of rats fed on galactose did not differ from that in the 
normal lens, and that the aqueous level of galactose was equivalent to its 
blood concentration. Bellows and Chinn (1941) were able to produce visible 
lenticular changes in dogs and rats within 20 to 30 min. by the intravenous 
injection of hypertonic solutions of various substances including sodium 
chloride, sodium lactate and galactose; these changes regressed when the 
injections were discontinued. They found that there was no change in the 
amount of glutathione, ascorbic acid, or non-protein nitrogen in the lenses 
made cataractous by the intravenous injection of sodium chloride, but that 
the potassium content had increased by 13 per cent. Patterson (1953) 
contends that the cataractous changes occuring in conjunction with hyper- 
glycaemia, galactosaemia, and probably with excess xylose arise solely as a re- 
sult of the high blood level of the carbohydrate concerned. By the application 
of the laws based on the classical experiments of Pfeffer (1877) and Avogadro 
(1811), it would not be unreasonable to presume that osmosis may play a 
large part in the production of the lens changes occurring in galactosaemia. 

The ophthalmoscopic appearances in Case 2 before the institution of 
treatment were suggestive of a dehydrated lens, whereas those seen 1 week and 
4 weeks later might have been simulated by a tumescent lens. A possible 
explanation of this would be a swing over from an aqueous with a high sugar 
concentration to one with a low concentration, due to depletion of the galac- 
tose content and the temporary persistence of the low glucose level. 

If these changes were in fact due to tumescence and dehydration of the lens, 
an appropriate change of refraction might be expected which could readily be 
determined by retinoscopy. Indeed Weekers (1941) found that myopic 
changes were induced by feeding galactose to animals, and were followed 
by the onset of hypermetropia when the galactose was stopped. 

Similar phenomena may occur in diabetes mellitus where variability in the 
state of the refraction occurs with different blood sugar levels (Duke-Elder, 
1949). The difference in the rate of onset of lens changes in galactosaemia 
from that seen in diabetes may be explained by the relative ages of the lenti- 
cular fibres when subjected to the effects of the abnormal aqueous. It has 
been shown that lenticular changes in rats on a galactose diet develop most 
readily in young rats, and this may indicate that the young lens is more 
easily injured by chemical changes in the surrounding medium (Mitchell and 
Dodge, 1935). 


Summary 

(1) Two cases of infantile cataract occurring in galactosaemia are described. 

The regression of the opacities on elimination of excess galactose from the 
blood-stream is noted. 

(2) A possible osmotic mechanism for the production of the lens changes 

is discussed and a suggestion is made that retinoscopy may be of some value 

in determining the state of tension within the lens capsule in such cases. 
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I wish to record my thanks to Dr. C. T. Potter and to Dr. Ian M. Anderson for permission to 
refer to their records of the two cases reported, to Mr. E. F, King and Mr. P. D. Trevor-Roper 
for much helpful advice in the preparation of this paper, and to the Medical Illustration Depart- 
ment at the Institute of Ophthalmology, London, for the drawing of the lenses. 
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DEFINITION OF VISUAL ACUITY* 
BY 
M. GILBERT 
London — 


IT is well known that different types of test object will give different measures 
of acuity in terms of the size of the angle subtended at an observer’s eye by 
the critical detail in the test object. Acuity of an average observer may vary 
from 1” arc, the thickness of a single black line just discernible on a white 
background, to about 1’ arc, the size of a gap in a black ring viewed on a 
white background. Other objects may give values between these two extremes, 
but in general, acuity is considered to be defined by the broken ring type of 
test object, rather than by the presence of a single thin line. 

A grating pattern is frequently used to measure the acuity of the eye or 
the resolving power of a lens system or photographic process. The definition 
of what is considered to be the fine detail in this pattern is not, however, 
: of always clearly stated. It may be defined as the width of one single black line, 
or of one single space between the lines, or it may be defined as one pattern 
width, the width of one black line plus one white space. 

In the measurement of visual acuity the definition of one line width is 
frequently used (e.g. Pirenne, 1948; Hecht, 1931; Bartly, 1941). The 
resolving power of lenses (Houstoun, 1930) and film resolution (Mees, ° 
hal- 1942) tend to be defined in terms of the pattern width of the grating. Schlafly 
(1951) states fairly clearly that the film industry uses the pattern width, 
whilst the television industry uses the single line element width. 

Because it is not always clearly stated which definition of fine detail of a 
grating pattern is being used, and because of the existence of the two different 
definitions, confusion is apt to arise as to which definition is intended in any 
particular context. 

In view of this confusion, it was decided first of all to make a subjective 
comparison between grating patterns and the broken ring pattern in order 
to determine a method of defining the grating pattern detail, so that acuity 
measured on it would be the same as acuity measured on the brokenring 
pattern under normal conditions of observation. Since televisionimages 
are superimposed upon a grating pattern or raster, an attempt was then 
made to apply the result to television systems. 





*Received for publication February 11, 1953. 
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Experimental Procedure 
Measurements of visual acuity were made, using the three types of high-contrast 
test object (Fig. 1): 
(a) A broken black ring, in which the width of the line defining the ring and the size of 
the gap taken as the detail were each one-fifth of the total size of the object. 
(b) A three-bar pattern, in which the detail, taken as the width of each bar or each gap, 


was one-fifth of the total length or breadth of the object. 
(c) A grating pattern 34” (89 mm.) in diameter, the detail being taken as the width of 


one black or one white line. 





Fic. 1.—Test objects for 
measuring visual acuity 


(c ) (actual size). 


The measurements were made on twenty subjects with normal vision or fully 
corrected defective vision. Each test object was displayed in turn on a cream 
coloured wall, illuminated to 40-50 foot-lamberts. The subject stood at appro- 
priate distances from the wall, so that the test object detail subtended 1’, 0.8’, 
0.6’, 0.5’, 0.45’, and 0.4’ arc at his eye; but for most of the measurements the object 
was viewed through a mirror to obtain the necessary distance. As all three objects 
had to be viewed through the same mirror, the results should be strictly comparable, 
although the absolute values of acuity might be influenced by imperfections of the 
mirror. After these measurements had been completed, the influence of the mirror 
was checked by repeating one set of measurements in a slightly larger room so that 
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the effect of the mirror could be assessed. The angle subtended by the test objects at 
the subject’s eye in this case was 0.7’ arc. It was found that the mirror had no 
influence upon the results. 

In the first place all three objects were displayed in two alternative positions. In 
the case of Objects 6 and c (Fig. 1) the bars could be either vertical or horizontal, 
and in the case of Object a the gap was placed either uppermost or to one side of 
the centre. These alternative orientations were displayed ten times in random order 
for each object, and the subject stated the orientation. In thecase of pure guesswork, 
therefore, 50 per cent. of the guesses should be correct. 

In the second series of tests, the broken ring was displayed with the gap occurring 
above, below, or to the right or leftof the centre, so that only on 25 per cent. 
of the occasions would the answer be correct in the case of pure guesswork. 


Results 
The results of these observations are summarized in Table I. 


DEFINITION OF VISUAL ACUITY 





TABLE I 


PERCENTAGE CORRECT ANSWERS GIVEN IN TEN OBSERVATIONS OF EACH TEST 
OBJECT BY TWENTY SUBJECTS 











| 
Ring 
Min. Arc , Bar Grating 
Subtense (2-choice) (4-choice) (2-choice) (2-choice) 
1’ 100 99 100 | 100 
0.8’ 99 96 92 100 
0.7’ 96 _ 79 98 
0.6’ 84 79 57 100 
0.5’ 66 51 54 93 
0.45’ — — — 88 
0.4’ — — _ 87 

















Somewhere between the point at which the orientation of an object is 
given correctly all the time, and the point at which the percentage of correct 
answers can be attributed to pure guesswork when one object is not seen at all, 
there must be a point at which one object is partially seen, and can be con- 
sidered to be at the limit of resolution of the eye. It is conventional in statistics 
to consider that if an event occurs when the probability is 20:1 against it 
occurring by chance, then the occurrence may be regarded as significant. 
This convention has been applied to the results of the present investigation. 
The 20 : 1 probability level occurs, in the case where two possible alternatives 
exist, when 80 per cent. of the answers are correct, and, in the case where 
four possible alternatives exist, when 55 per cent. of the answers are correct. 
The values of acuity in terms of minutes of arc subtended by the test object’s 
detail, interpolated at these levels, are listed in Table II (overleaf). 

The four curves that can be drawn from the values given in Table I and 
which were used to interpolate the 20 : 1 probability levels have been normal- 
ized and are shown thus in Fig. 2 (overleaf). The limits of the three curves 
where two possibilities of orientation were presented lie between 100 
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TABLE II 
SIZE OF DETAIL AT WHICH A SIGNIFICANTLY CORRECT NUMBER OF ANSWERS 
IS GIVEN 
Test Object | Size of Detail Definition of Detail 
: (2-choice) 0.58’ arc ’ 

Ring { ({-choice) 0.51’ = Mean 0.54 Gap width 

Bar (2-choice) 0.71’ arc One white line width 

Grating (2-choice) 0.39’ arc One white line width 











(certainty) and 50 (guesswork), and the limits of the fourth curve (where 
four possibilities of orientation were presented) lie between 100 and 25. 
By normalizing these curves, their limits have been made 100 and 0, so that 
they may all be compared, and Fig. 2 shows that the two experiments using 
the broken ring type of test object have yielded very similar results. The 
effect of having two choices (gap above or right of centre) or of having four 
choices (gap above, below, right, or left of centre) has not, therefore, in- 
fluenced the results to any appreciable extent. 


CERTAINTY 
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ACUITY —> 
Fic. 2.—Dependence of acuity on test object with which it is measured. 


Conclusions 
General.—From the values obtained at the significant level of probability, 
the threshold of vision for the conditions stated can be assumed to occur when 
the angle subtended at a subject’s eye by the gap in a broken ring is 0.54’ arc, 
the width of one bar in a three-bar pattern is 0.71’ arc, and the width of one 
single line in a grating pattern is 0.39’ arc. 
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In order to make a three-bar pattern as easy to see as a broken ring pattern, 
therefore, it is necessary to make the width of one black bar approximately 
four-thirds the width of the gap in the ring. In order to equate the grating 
pattern to the broken ring in visibility, the width of one black line should 
be approximately three quarters the gap in the ring. This means that, if 
acuity is defined by means of the gap in a broken ring, the width of grating 
pattern necessary to obtain similar results of acuity will be one-and-a-half 
times that of the gap in the ring. 

Acuity to pictures, as distinct from geometrical patterns, has been measured 
by other workers, and it has been found that blurring of an out-of-focus 
picture could be detected for approximately 0.5’ arc subtended by one 
single element of black or of white. The method by which they arrived at 
their results was different from that used in the present series of experiments, 
but, assuming that comparison is permissible, acuity to pictures appears to be 
almost identical to the Broken Ring Test. This is less than acuity to a 
grating pattern, in the ratio of 4:3 approximately (acuity to pictures 
0.54’ arc, to grating 0.4’ arc.) 


Application to Television.—It is of interest to apply this result to the case 
of a television picture in which the scanning raster is in the form of a grating 
pattern. 

The definition of a television channel was measured by placing a Cobb- 
Moss high contrast test pattern, B.S. 1613 (Fig. 3), in front of the camera, 
and noting by direct visual observation the minimum pattern size resolved 

by the system. Although in a more 
‘didid! general pattern of random brightnesses 
kkk very low contrasts will occur which set 
Bs a a limit to the resolution, it was con- 
sidered that a high contrast test object 
3d should be used. This reduces ambi- 
| P| guity as to the exact contrast value 
ae hs and is in line with practice in the fields 
Pa 3 pte Mowe er pane for tesing of ‘photography, lens design, and 
visual acuity measurements, where it is 
recognized that a high contrast object is resolved when it is reproduced at 
a very greatly reduced contrast, in circumstances such that a low contrast 
object would not be resolved at all after a corresponding amount of degrad- 
ation. Although the fall in television camera response at high scanning 
velocities will influence the results, the choice of a high contrast test object 
will render the final image less dependent upon this deficiency of camera 
response. Furthermore, this type of test pattern seemed a reasonable 
compromise between the two classic types of test signal: a continuous grating 
pattern on the one hand and a single bar (of light or darkness as the case 
may be) on the other. 
In the B.B.C. television system, using a 3 mc/s bandwidth and 405 lines, 
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a picture is completely scanned in 1/25th of a second by means of two down- 
ward traversals or frames, each of 2024 lines and 1/50th of a second duration. 
The lines constituting one such frame are arranged to lie between the lines 
of the other frame so as to give good picture detail (Blumlein, 1939). If 
the 405 lines were scanned in sequence and a 405-line frame made up in 1/50th 
of a second, a bandwidth of 6 mc/s would be needed to broadcast the picture. 
By interlacing two half-pictures, the frame repetition rate of 50 per second is 
maintained and the bandwidth needed for transmission is reduced by half. 
Reduction of frame repetition rate would make the pictures appear to flicker. 

The results of this investigation are considered first in relation to the case 
of sequential scanning, when a 6 mc/s bandwidth is considered necessary 
in order to yield equal horizontal and vertical definition. The definition, 
or resolving power, along each line, is relatively easy to evaluate, but the 
definition down the picture frame will depend on the number of lines and 
also on the way the lines scan the original picture. If the lines exactly fit 
a pattern, it may be transmitted complete and undistorted, but the lines 
may fall exactly on the edges and the pattern will not be resolved at all. 
If the lines do not exactly fit a pattern, beat patterns and spurious effects 
will result, so that vertical definition becomes statistical in nature. By 
moving the test pattern relative to the camera scanning lines, this statistical 
effect was observed visually, and the results are shown in Fig. 4, both for the 
sequential and for the interlaced scanning. It should be borne in mind that 
although the system is nominally 405 lines, 20 of these lines are blacked out 
whilst the scanning spot is returning to the beginning of a frame, so that the 
resolution is in fact derived from 385 active lines. Taking the pattern size 
which was transmitted for 50 per cent. of the time as being the size of detail 
representative of vertical definition, this was found to be 377 elements 
per picture height, when sequentially scanned. By close visual inspection, 
the horizontal definition was observed to be 438 elements in a picture width 
equal to picture height. The picture can, therefore, be considered to be 
astigmatic, in the proportions of 377 : 438. The smallest picture element is 
1/438 of the picture height. The size of a line element is 1/770 of the picture 
height, because there are 385 active lines and 385 black interspaces, making 
a grating of 770 elements. 

The distances at which the acuity parameters of the television picture 
are at the threshold of visibility may now be considered. If an element of 
detail of the same dimensions as a raster line has the same visibility as the 
raster itself, then the ratio of the distance at which the finest detail transmitted 
is just visible to that at which the raster is just visible will be 770/438. It has 
been shown above, however, that a grating pattern will be visible at four- 
thirds the distance at which detail of similar dimensions, but of the subjective 
or broken ring type, will be visible. The distance at which the finest picture 
detail transmitted by the system is just visible, therefore, is 3/4 x (770/438) or 
1-3 times as great as the distance at which the raster is at the threshold of 


visibility. 
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Thus the picture detail can still be appreciated when the line structure 
is not visible, and from this point of view 405 sequential lines transmitted 
through about 6 mc/s would appear to be ample. It has been demonstrated, 
however, that the picture is astigmatic and requires either a slight reduction 
of bandwidth or a slight increase in the number of lines to correct this fault, 
but Baldwin (1940) demonstrated that, in the case of a subjectively sharp 
picture, discrepancies between vertical and horizontal definition were not 
noticeable within quite wide limits, of the order of 3:1. He noted a slight 
bias in favour of having higher definition along the lines than down the raster. 
The 405-line sequential system would, therefore, appear to be ideal from this 
viewpoint. 

Now consider the case of an interlaced, nominally 405-line system. Owing 
to such visual effects as “ line-crawl”’ and “ break-up” of the interlaced 
pair of frames, the visibility of the grating formed by the raster will become 
that of a 1924-line or 385-element grating, and not twice that number. 

In the sequential case there are no such disrupting visual effects, and the 
grating is of 770 elements. 

The horizontal picture definition was again found by direct observation to 
be 438 elements in a distance equal to picture height, but the vertical definition 
of a nominal 405-line raster appeared to be 317 elements (Fig. 4), when 
interlacing was used (it appeared to be 377 elements on a sequential raster). 

The greatest distance at which picture detail can still be appreciated, 
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therefore, remains dependent on the higher horizontal definition of the system, 
but the line structure can now be seen at twice the distance previously found, 
and the ratio of the distance at which picture detail is just visible to the 
distance at which the raster is just visible becomes 3/4 (385/438) or 0.66; 
that is, the line structure is visible long before the finest picture detail trans- 
mitted can be appreciated, and it would seem at first sight that more lines 
would be desirable for interlaced pictures through a 3 mc/s bandwidth. 
Also, the ratio of horizontal to vertical definition is 438/317, making the 
vertical definition only three-quarters of the horizontal definition in practice. 
This is a further indication that the number of lines used in the interlaced 
case is insufficient, and should be increased to something of the order of 
405 438/317, or 475 lines, although according to Baldwin’s data this dis- 
crepancy in resolution is insignificant. The important point to be emphasized, 
however, when line interlace is utilized on the present standards, is that the 
lines will always be visible when full use is made of the available resolution 
of the system. 

The number of pieces of picture detail that can be resolved both along the 
line and down the picture has been observed visually, and hence the total 
number of elements which are contained in the television picture has been 
counted. Thus the number of elements which are in fact transmitted in a 
3 mc/s bandwidth is known. The bandwidth available can be distributed in 
varying proportions between providing the horizontal definition and providing 
the vertical definition by virtue of the line number. If the number of lines is 
decreased, vertical definition will decrease but horizontal definition will be 
increased, so that the elements will become tall rectangles. There will be a 
unique number of lines at which the elements will be square, and the picture 
will not be astigmatic. It can be shown, however, that the ratio of height to 
width of the elements, can never be adjusted to make the smallest picture- 
detail dimension more visible than the line-width, when the bandwidth is 
restricted to 3 mc/s and line interlace is used. For practical purposes, this 
can be extended to apply to all interlaced pictures irrespective of bandwidth. 

The Cobb-Moss test pattern has been used to obtain independent values for 
the vertical and horizontal definition of a picture. In actual practice, the 
two types of definition are interdependent, and the two values of horizontal and 
vertical definition quoted for each example will need to be modified to give an 
average value of picture definition that probably lies between the two. In the 
first of the two examples given above, that is, the sequential case, this will have 
the effect of increasing the range of distance in which all picture-detail is 
visible and the line structure cannot be seen. This is because the detail 
would be taken as coarser than 438 elements per length equal to picture height. 
It will decrease the range in the second case, in which the line-break-up 
structure can be seen and the picture not fully appreciated. Contrast and 
distribution of brightnesses will also affect the result, and the final system 
resolution will depend on complex factors which cannot easily be handled. 
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The foregoing simplifications have been made in order to obtain some answer 
that it is hoped will indicate orders of magnitude. Many points have yet to 
be measured, such as the influence of the ratio of the widths of the black and 
white or the “ duty factor” on the visibility of grating patterns. The chief 
drawback to the present television standard, however, appears to be due to the 
use of interlacing. If the limitations of interlacing could be overcome, the 
number of lines would appear to be satisfactory. 
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DEGENERATIONS OF THE DOG RETINA* 
Ill. RETINOPATHY SECONDARY TO GLAUCOMA 


~ 


BY 


H. B. PARRY 


Animal Health Trust, Kennett, Newmarket, Suffolk 


ALTHOUGH the effects of glaucoma on the human retina are well known 
(Duke-Elder, 1940; Wolff, 1951), accounts of the retinal degeneration follow- 
ing glaucoma in the dog are rare. It seemed of interest therefore to record 
details of two cases, particularly as the degeneration differs from other types 
reported in this seriés and follows closely the changes seen in man, except 
that the area centralis is spared in contra-distinction to the early changes in 
the human macula. 


The early recognition of glaucoma in animals is uncertain owing to the 
absence of subjective information and the difficulty of assessing changes of 
intra-ocular tension clinically. However, there is one syndrome following 
spontaneous luxation of the lens in which a diagnosis can be made before the 
general eye structures are seriously disorganized. This syndrome, which is 
described by Formston (1945), affects Smooth-coated Fox Terriers and Sealy- 
hams and is due to an inherited weakness of the suspensory ligaments of the 
lens, which rupture spontaneously in early adult life, causing luxation of the 
lens and secondary glaucoma. 


One case of this syndrome is described together with one of glaucoma 
secondary to idiopathic irido-cyclitis. 


Methods and Material 


The methods and terminology have already been described (Parry, 1953a, b). 
The electroretinogram was recorded by the team (Parry, Tansley, and Thomson, 
1953). The two cases occurred naturally and were referred to us in consultation. 


Although there is no macula or area of functionally specialized retina in the 
dog (Parry, 1953a), the varying distribution and severity of the lesions in different 
parts of the fundus in several types of non-symmetrical retinal degeneration 
in the dog makes it desirable to consider the anatomical regions of the fundus 
in more detail. These regions and their divisions are shown diagrammatically 
in Fig. 1 (opposite). 





* Received for publication July 8, 1953. 
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I. TAPETAL FUNDUS 


T 1. Peri-papillary zone within 1 to 2 mm. of the papilla over which run the 
short cilio-retinal vessels and in which the nerve fibre layer becomes much thickened. 
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ly- 
the : 
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Fic. 1.—Diagram to illustrate the principal zones of the fundus of the dog. Details 
ma of the lettering are given in the text. The non-tapetal fundus is shaded. (7.5). 
T 2. Area centralis over which the central retinal vessels are scanty or absent. 
T 3. Main mid-tapetal area. 
T 4. Junctional zone, about 1 mm. wide, between the tapetal and non-tapetal 
b). fundus, in which the tapetum is not more than two cells thick and the pigment 
on, epithelium begins to acquire lanceolate pigment granules. It comprises an equa- 
oa. torial zone at the periphery (T4a), and nasal (T4b) and temporal (T4c) ventral 
the zones at the ventral margin. 
ent 
ion : , , F 
“0 II. Non-TAPETAL FuNDus.—This consists of two regions: ventral and peripheral. 
illy V1. Small peri-papillary zone similar to that in the tapetal fundus (T1). 


V 2. Narrow dorsal zone about 2 mm. wide, immediately adjoining the 
ventral margin of the tapetal fundus, and probably adjacent to the main horizontal 
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retinal arteries. It is divided into nasal (V2a) and temporal (V2b) portions, 
which are medial and lateral to the papilla. 


V 3. Mid-ventral zone, comprising the main portion of the non-tapetal fundus. 


V 4. Equatorial zone similar to the equatorial junctional zone of the tapetal 
fundus (T4a). 


P 1. Dorsal peripheral zone, 1 to 1-5 mm. wide, between the ora serrata and the 
peripheral margin of the tapetal fundus. It may be divided into nasal (Pla) and 
temporal (P1b) portions. 


P 2. Ventral peripheral zone at the extreme periphery of the ventral non-tapetal 
fundus, consisting of nasal (P2a) and temporal (P2b) portions. 


Although many details of the precise anatomical arrangements of the eye of the 
dog are unknown, it is probable that the choroidal circulation to the peripheral 
non-tapetal fundus is principally from the anterior ciliary vessels, and that to the 
remainder of the fundus from the posterior ciliary vessels. 


Case Reports 
Case 1. 

Clinical Data.—A pedigree Smooth-coated Fox Terrier male, 3 years old, weight about 
10 kg., had shown progressive loss of day and night vision for about 2 months following 
spontaneous luxation of both lenses. There was no other significant medical history and 
no abnormalities, other than in the eyes, were noted on clinical examination. 

Both eyes were affected similarly. The dog was almost completely day-blind (night 
vision was not tested). The average pupil size was about 8/14 mm. 

The eye preservation reflex was absent, but the pupillary light reactions were present and 
fairly brisk. The eyeballs protruded and were somewhat enlarged, their horizontal diameter 
being about 18 mm. (the normal is probably 15-16 mm. in this breed). Judged by digital 
palpation, however, they were firmly distended. The cornea were clear, but the anterior 
chamber was unusually deep. The lenses were clear, but both were luxated ventrally and 
posteriorly. The tapetal fundi, which could be viewed dorsal to the lenses, had normal 
beaded texture and stellulae of Winslow; the blood vessels were inconspicuous. The 
ventral portions of the tapetal fundi, the optic papillae, and the ventral non-tapetal fundi 
could not be examined in detail owing to distortion by the misplaced lenses. 


Electroretinography.—No electroretinogram could be detected from either eye 6 hours 
before death, which followed deep pentobarbital sodium-myanesin anaesthesia. 


Morbid Anatomy.—The optic nerves and canals were normal. No macroscopic abnor- 
mality of the brain was observed. The eyes were fixed about 2 hours after death, and when 
opened after fixation showed a white coagulum in both anterior and posterior chambers. 
This was particularly dense adjacent to the retina. The optic papilla was flat. 


Histology.—Both eyes showed a similar advanced chorio-retinal degeneration. In 
the retina the inner layers had suffered more than the outer; a central region, comprising 
the tapetal and the adjoining dorsal non-tapetal retina, still retained its layer 
organization, while the more peripheral region, comprising all the peripheral non-tapetal 
retina and the mid-ventral non-tapetal retina, was completely sclerosed. 

Although the retina of the central region showed the normal organization into layers, 
it was narrower than normal, being about 120 u wide. This was due to some reduction 
in the widths of all layers, but mainly to the loss of ganglion cells and bipolar cell nuclei in 
the inner nuclear layer (Fig. 2, opposite). The outer and inner limbs of the rods and cones 
were present in normal numbers, but there was considerable fragmentation with separation 
from the pigment epithelium, almost certainly due to post-mortem change. In view of the 
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Fic. 2.—Section through the retina of Case 1, area centralis of tapetal fundus. 
There are post-mortem changes in the rod and cone and outer nuclear layers, 
but note the absence of ganglion cells and the loss of bipolar cell nuclei from the 
inner nuclear layer, which consists of a single layer of nuclei, mostly of Miiller’s cells. 
Some cells of the pigment epithelium are slightly swollen. Post-mortem fixation 
in Kolmer’s cold-blooded fluid. Mallory’s phosphotungstic acid haematoxylin. 


(x 240). 

The following code applies to all figures: 
Sc: Sclera 4. Outer nuclear layer 
Ch: Choroid 5. Outer fibre layer 
Ret: Retina 6. Inner nuclear (bipolar) layer 
1. Pigment epithelium 7. Inner fibre layer 
2. Rod and cone layer 8. Ganglion cell layer 
3. External limiting membrane 9. Optic nerve fibre layer 


10. Internal limiting membrane 
presence of some day-vision and of pupillary light reactions, the rods and cones over 
most of this zone were probably essentially normal. In a few places nuclei from the outer 
nuclear layer lay amongst the inner limbs. The external limiting membrane was prominent. 
The outer nuclear layer was about 30-50 u wide and six to twelve nuclei thick; it was 
normal, except that about a quarter of the rod nuclei showed the pyknotic degeneration 
of early post-mortem change. The outer fibre layer was thinned to about 5-6 u, while the 
inner nuclear layer was reduced even more to 6-8 yu. thick and a single layer of nuclei, 
principally those of Miiller’s fibres. The nuclei of the ganglion cell layer had almost 
completely disappeared; the nuclei of a few large ganglion cells that remained were oval in 
outline with hyaline eosinophilic cytoplasm, and the nucleus lay at one extremity with little 
chromatin apart from a dense nucleolus. The inner fibre and optic nerve fibre layers 
appeared as a single layer 40 » wide with numerous very thick Miiller’s fibres, many of 
which were no longer disposed radially but lay irregularly. In this layer there were an 
unusually large number of thick-walled capillaries. The main retinal blood vessels were 
still present, but their walls were much thickened by an increase of the tunica media. The 
internal limiting membrane was absent and the inner surface of the nerve fibre layer 
formed a spongy network. 

Between this central region of modest degeneration and the ventro-peripheral region of 
advanced sclerosis, lay an intermediate area about 1 to 2 mm. wide in which the outer 
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nuclear layer was much reduced, the rods had disappeared, and only the stubby inner 
limbs of the cones remained (Fig. 3). 





Fic. 3.—Section through the same retina as in Fig. 2, ventral non-tapetal fundus 
near the papilla. The layers of the retina are becoming disorganized. Note the 
stubby remains of the cones. (x 270). 


Outside this intermediate area and commencing centrally just ventral to the papilla, 
the retina of the ventro-peripheral region showed advanced sclerosis with loss of its layered 
structure. In the mid-ventral non-tapetal fundus, the retina was about 50 yu wide and 
consisted of a mass of glial fibres with a few nuclei, probably of Miiller’s cells. Over 
the extreme peripheral fundus the width of the retina was reduced to 20 uv. wide, and con- 
sisted of scanty nuclei in a narrow network of fibres with an occasional large round 
pigment cell loaded with dark brown granules (Fig. 4); these were probably derived from 
the choroid. 





Fic. 4.—Section through the same retina as in Fig. 2, peripheral non-tapetal fundus. 
Note the great reduction in width of the sclerosed remnants of the retina in which 
all signs of the layer organization are lost. (x 270). 


The pigment epithelium was intact over the whole fundus; there was no abnormal 
accumulation of pigment but in some small areas the cells were about twice as wide as 
normal and bulged inwards, while their cytoplasm was vacuolated. The tapetum was 
half the normal thickness, the walls of the cells being thickened and irregular while the 
cell cytoplasm was scanty and uneven in distribution, although the long sides of the cells 
still remained approximately parallel. The choroid was thinned to about 100p over the 
whole fundus, and its blood sinuses were much less conspicuous than usual. The choroidal 
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Fic. 5.—Section through the retina and choroid of Case 1, mid-ventral non-tapetal 
fundus.’ Note the great thickening of the walls of the large retinal and choroidal 
arteries and the retinal capillaries. The layer organization of the retina has dis- 
appeared and with it most of the nuclei. There is a marked gliosis, which has 
caused the burying of the large retinal artery. Post-mortem fixation with Kolmer’s 
cold-blooded fluid. Azan. (x 270). 
arteries had very thick walls (Fig. 5), as had those of the iris and ciliary body and the 
capillaries running to the chorio-capillaris. The iris was swollen and oedematous and the 
epithelial cells of its posterior surface were vacuolated. The cornea and sclera were nor- 
mal. The optic nerve showed some increase of connective tissue around the blood vessels 
and early fragmentation of nerve fibres. 

Comment.—This case showed severe atrophy of the retina and choroid, with marked 
thickening of the walls of the blood vessels. In the retina the degeneration had affected 
the ganglion cells and optic nerve fibres most severely, the bipolar cells of the inner nuclear 
layer disappeared next, and the outer nuclear and rod and cone layers were relatively 
little affected. The degeneration was very much more advanced in the non-tapetal 
retina, apart from a narrow zone adjoining the ventral border of the tapetum which with 
the tapetal fundus was much less severely affected. 

Case 2. 

Clinical Data.—A Wire-haired Fox Terrier, female, 6 years old, weighing about 8 kg., 
had been in good health until 5 to 6 weeks previously, when the right eye had become 
affected, and was followed 4 weeks later by the left. The anamnesis provided no suggestion 
as to the cause of the eye affection. 
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Both eyes were enlarged and protruded; the horizontal diameter of the left eye was 19 
to 20 mm., and that of the right 2 mm. greater. There was considerable increase of intra- 
ocular tension, which was greater in the right eye. Although probably completely day- 
blind, the dog showed no signs of pain. . The conjunctivae were injected and there was 
photophobia in the left eye. Both corneae were opaque. 

Over the ensuing 8 weeks both eyes gradually enlarged until the horizontal diameters 
of the right and left eyes were approximately 28 and 24 mm. respectively. The corneae 
became clear, but the pupils were now widely dilated and unresponsive to light. There 
were dense bilateral cataracts, preventing examination of the fundi. As the dog showed 
signs of discomfort it was destroyed by 
the intra-vital injection of Kolmer’s 
cold-blooded fluid under deep pento- 
barbital sodium anaesthesia. 


Morbid Anatomy.—No abnormalities 
of the cranium, brain, or optic nerves 
were found. The eyes showed a dense 
white coagulum in both the aqueal and 
vitreal cavities with typical glaucomatous 
cupping of the optic papilla (Fig. 6). 


Histology.—Both eyes showed changes 
similar to those seen in Case 1, but the 
damage was more severe in the right 
eye. The tapetal and dorsal non-tapetal 
retina was rather less degenerate than in 
Case 1, but the remaining ventral and 
peripheral non-tapetal retina was com- 
pletely sclerosed. 

Over the central retina the ganglion 
cells had disappeared, apart from an 
odd disintegrating cell usually surround- 
ed by a clear space (Fig. 7, opposite), 
and a few eosinophilic hyaline masses 

Fic. 6.—Right eyeball of Case 2 cut in the mid- with irregular edges, each about 25 u 
docenl-vete bap in agp digs rag vl ee in diameter. A few bipolar nuclei re- 
papilla an¢ me Me waite coaguium in mained in the inner nuclear layer, 
ie poterion cpemiewe. {x 2°29). which was reduced to 1-2 nuclei thick; 
the fibre layers were intact; the outer nuclear layer consisted of 5-8 nuclei and an 
occasional nucleus had passed through the external limiting membrane into the rod and 
cone layer. The rods and cones were still present and showed no signs of com- 
pression; the outer limbs gave a normal positive Feulgen reaction. The walls of the 
blood vessels were much thickened with new elastic tissue in the media. The internal and 
external limiting membranes were present; the internal one was thickened and to it was 
firmly attached a mass of eosinophilic detritus from the vitreous humour. 

The optic nerve showed more advanced degeneration than in Case 1: the central artery 
and vein were surrounded by oedema, the larger arteries and veins at the periphery were 
very conspicuous, and the walls of the arteries and intra-septal capillaries were greatly 
enlarged with connective tissue. The nerve fibres showed advanced fragmentation. 

The choroid and sclera were much thinned and together were only about 120 u wide. 
The pigment epithelium and the chromatophores of the choroid were similar to those of 
Case 1, as were the iris and ciliary body; the cornea showed new blood vessels at its 
periphery. 

Comment.—The relative sparing of the central fundus with advanced sclerosis of the 
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ventral and peripheral fundus, and the sequence of the degeneration in the retina from 
within outwards were essentially the same as in Case 1. 





Fic. 7.— Section through the retina of Case 2, dorsal non-tapetal fundus 
adjoining the tapetal fundus. Note the loss of ganglion cells. The remains of a 
degenerating large ganglion cell surrounded by a clear space can be seen to the left. 
Some bipolar nuclei remain in the inner nuclear layer, while the outer nuclear and 
rod and cone layers are well preserved. Intra-vital fixation with Kolmer’s cold- 
blooded fluid. Mallory’s phosphotungstic acid haematoxylin. (x 240). 


Discussion 
Although the aetiologies of the glaucoma in the two cases were different, 
the striking similarity in the changes in the retinae suggest that these changes 
can be attributed to the increased intra-ocular tension which alone was present 
in the first case. The degeneration of the ganglion cells and optic nerve 
fibres followed by gradual loss of the bipolar cells, the sparing of the rods 
and cones even when blindness is well established, the gliosis from prolifer- 
ation of Miiller’s fibres, the thinning of the choroid and thickening of the 
walls of blood veSsels are, of course, well recognized sequelae in the humari 
eye subjected to prolonged intra-ocular hypertension. There are, however, 
certain points of difference. As the dog has no macula we might well expect 
to find no focus of advanced degeneration in the area centralis, but the sparing 
of the central fundus and much more advanced stage of the degeneration over 
most of the non-tapetal fundus was not expected. We have found no signs 
of compression of the rods and cones such as were described by Berenstein 
(1900) and von Hippel (1901) in human cases, although-in Case 2 the intra- 
ocular tension was sufficient to cause an increase of 50 per cent. in the hori- 
zontal diameter of one eye. No signs of cystic degeneration at the ora 
serrata, a feature of certain human cases, were seen. 
The classical explanation of the effects of glaucoma on the retina is that 
the intra-ocular hypertension causes interference with the blood supply to 
the retina, and that the early damage is due to retinal ischaemia followed by 
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pressure atrophy, to which the outer layers of the retina are remarkably 
resistant. Ina consideration of the possible effects of ischaemia on the retinal 
cells of the dog, certain experimental studies on quinine amblyopia provide 
pertinent data. The intravenous administration of toxic doses of quinine 
to the dog is followed by temporary or permanent blindness accompanied 
by marked constriction of the retinal arteries (de Schweinitz, 1896, 1907; 
Holden, 1898). These authors considered that the amblyopia was secondary 
to ischaemia due to intense vaso-constriction. These observations were 
confirmed by Giannini (1934) in dogs, but he made the discovery that the 
vaso-constriction did not occur and blindness did not develop, if acetyl- 
choline were administered with the quinine. He considered that the acetyl- 
choline inhibited the action of quinine on the autonomic nervous system 
and thereby prevented the vaso-constriction, retinal ischaemia, and conse- 
quent amblyopia. Although Wolff (1951) considers that in man quinine 
amblyopia is due in part to the direct action of quinine on nerve cells, it seems 
probable that in the dog the retinal damage is due very largely to vaso- 
constriction and consequent retinal ischaemia. In this connection it is inter- 
esting to note how closely the changes in the ganglion cells observed in our 
cases follow the illustrations given by Holden (1898) of the early changes in 
quinine amblyopia, and that eosinophilic masses in the optic nerve fibres 
described by Holden and probably representing ganglion cells in the last 
stages of disintegration were also occasionally observed in our cases. It 
seems likely therefore that the early changes in post-glaucomatous atrophy 
of the retina of the dog are due to obstruction of the blood flow through the 
central retinal and peri-papillary cilio-retinal vessels, which are more im- 
mediately exposed to the effects of intra-ocular hypertension than are the 
choroidal blood vessels. 

The difference in the severity of the degeneration between the central, 
ventral, and peripheral fundi was very striking. The tapetal retina, and a 
narrow portion of the adjacent dorsal non-tapetal retina adjoining 
it dorsal to the papilla, were affected much less severely than the remainder 
of the ventral and peripheral non-tapetal retina; in particular the outer 
layers of the retina, the first-order neurones, were spared. As all parts of the 
fundus are exposed to the same pressure, this distribution suggests either that 
the anatomical arrangement of the blood supply to the tapetal and immedi- 
ately adjoining dorsal non-tapetal retina is less susceptible to inter- 
ference by intra-ocular hypertension, or that this portion of the retina is 
more resistant to ischaemia. It is possible that normally the flow of blood 
through the tapetal chorio-capillaris, having traversed the trans-tapetal 
capillaries, is less good that that through the non-tapetal chorio-capiliaris 
which lies closer to the main choroidal blood vessels. If this is so, the outer 
layers of the tapetal retina might be accustomed to a lower oxygen tension 
and be less susceptible to ischaemic damage than the non-tapetal areas. 
It is of interest that these abnormalities of the internal environment pro- 
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duced very little change in the pigment epithelium, which was intact (except 


for a small area at the extreme periphery in Case 1), and showed no abnor- 
malities of pigmentation, although’some of the cells were slightly swollen 
inwards towards the rods and cones. 

The sequence of the cellular damage and the fundal distribution of the 
degeneration is quite distinct from that seen in the hereditary generalized 
atrophy of Red Irish Setters (Parry, 1953b), but a degeneration with a similar 
distribution in the fundus but a different sequence of cellular damage has been 
noted in chronic virus retinopathy following distemper-complex infection. 

The failure to detect an electroretinogram in Case 1, which still had some 
day vision and pupillary light reactions and in whose central retina there were 
many intact rods, is noteworthy. The electroretinogram cannot be detected 
in the hereditary degeneration even when some night vision (and therefore 
considerable rod function) remains (Parry, Tansley, and Thomson, 1953). 
In the hereditary disease the loss of the electroretinogram can be attributed 
to the fact that the decreased number of functional rods proves insufficient 
to set up potentials detectable by the method used. It is interesting to spec- 
ulate whether a similar explanation should be applied to Case 1, or whether 
the loss of ganglion and bipolar cells may not play some role in the loss of the 
electroretinogram in the glaucomatous eye. 


Summary 


(1) Two natural cases of retinal degeneration secondary to glaucoma in 
dogs are described. 


(2) The main morbid anatomical and histological features of the degener- 
ation are similar to those seen in human eyes with chronic glaucoma, but 


there are certain minor differences. 

(3) Compression of the rods and cones and cystic degeneration at the ora 
serrata were not found. 

(4) The peripheral and mid-ventral non-tapetal retina was more severely 
affected than the central (mainly tapetal) retina; possible reasons are discussed. 


(5) Some effects of ischaemia on the retina of the dog are considered. 
(6) Failure to detect an electroretinogram in the eyes of one case is noted. 
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ANTERIOR FLAP SCLEROTOMY WITH BASAL 
IRIDENCLEISIS* 


BY 
H. B. STALLARD 


London 


A PRELIMINARY report on an operation for glaucoma, combining a scleral 
flap hinged on the limbus with a small cyclodialysis and the inclusion, 
between the lips of the scleral flap, of a tongue of iris based upon its root 
leaving the sphincter pupillae intact, was published about 5 years ago (Stallard, 
1948). Such an operation possesses the merits of several. of the accepted 
surgical procedures for glaucoma which indeed it combines, and it has the 
following advantages: 


(1) The anterior chamber is reformed in 24 hours and in no instance has it been 
subsequently lost; 

(2) There is no need for post-operative massage as is the case in Holth’s iriden- 
cleisis ; 

(3) In 7 days a bleb is formed which has a thicker covering than is the case with a 
trephine and which may be as large as 10 x 8 mm. 

(4) The operation has successfully reduced the intra-ocular pressure to within 
25 mm. Hg in 97-7 per cent. of a series of 142 patients (162 eyes) reported below. 


On 118 eyes the operation was performed for chronic simple glaucoma un- 
controlled by miotics, and on 48 eyes for acute congestive glaucoma. I| 
thought that it might be undesirable to include a tongue of iris in a wound 
over the ciliary body for complicated glaucoma due to iridocyclitis, and have 
not therefore used it in cases of this kind. 


OPERATION 


In order to cut a satisfactory iris flap, maximum miosis is desirable; one hour 
before operation the pupil is constricted by three applications of gutt. pilocarpine 
2 per cent., for eserine ceases to be effective when the ciliary ganglion reflexes are 
** blocked ’’, whereas pilocarpine continues its miotie effect. 

Anaesthesia is achieved by local instillation of xylocaine 2 per cent., and haemo- 
stasis is helped by privine 1:2,000 (not by adrenaline which dilates the pupil). 
A retro-ocular injection of | ml. xylocaine 2 per cent. is given and another | ml. 
is injected into the belly of the superior rectus muscle. For nervous patients and 
for those whose intra-ocular pressure is over 40 mm. Hg pentothal sodium is given 
into a vein, and it is essential to supplement this with local anaesthesia as 
described above. Pentothal sodium has the advantage of lowering the intra- 
ocular pressure by 8 to 10 mm. Hg. 





*Received for publication March 10, 1953. 
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The lids are retracted by Lang’s speculum and a traction suture of No. | white 
silk is passed through the belly of the superior rectus muscle 2 or 3 mm. behind 
its insertion. When the eye is in its appropriate position looking slightly down this 
suture is clamped to the head towel. 

About 5 minims of saline is injected through an intradermal needle under the 
conjunctiva 3 mm. above the limbus from 11 to 1 o’clock. The conjunctiva is now 
grasped with plane forceps 7 or 8 mm. above the limbus in the 12 o’clock meridian 
and is incised for 5 mm. with blunt-ended spring scissors (Fig. 1). Tenon’s capsule 
is opened, and the closed blunt tips of the scissors are passed through it until they 
lie on the sclera; the blades are then spread to effect a line of cleavage down to 
the limbus. In like manner the closed blades are passed between the sclera and 
Tenon’s capsule to the temporal side for 10 mm., then to the nasal side for the 
same distance, and then spread. The incision is then completed 7 mm. above and 
concentric with the limbus for 10 mm. on either side of the original opening in the 
conjunctiva and Tenon’s capsule. The flap of conjunctiva is then turned down over 
the cornea and with a few downward strokes from a tightly-wound muslin swab 
the limbus is cleanly exposed. Any tags of episcleral tissue are cleared from the 
3 mm. around the limbus by Tooke’s angled splitter. 


Fic. 1.—Incision with blunt-ended 
scissors. 





Scleral Incision—When the sclera has been exposed cleanly over a zone 3 mm. in 
vertical depth and 7 mm. long concentric with the limbus, any episcleral vessels 
within this area are touched with a heated probe. A fine scleral hook (Stallard’s) 
is now inserted 2 mm. above the limbus in the 12 o’clock meridian, and slight down- 
ward traction is exerted upon it. This serves both to fix the eye and to retract the 
lower edge of the scleral incision. 

The incision, which is made vertically down to the supra-choroidal lymph space 
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with the belly of a Gillette blade in a No. 3. Bard-Parker handle, is 5 mm. long, 
2 mm. above, and concentric with the limbus. The incision through the deeper 
layers of the sclera is completed with a few light strokes from the point of a ground- 
down cataract knife (Fig. 2). Histological examinations of various kinds of 
scleral incisions show that the healing of a vertical incision is imperfect and 
less secure than that of an oblique incision, an important point in making a surgical 
fistula. 


Fic. 2.—Scleral incision. 





Cyclodialysis.—The scleral hook is now swung at right angles to the sclera and is 
lifted slightly forwards to raise the lower lip of the scleral incision and ease the 
passage of an iris repositor into the supra-choroidal lymph space. The tip of the 
repositor is passed through the centre of the incision (Fig. 3) towards the scleral 
spur, where it is dipped slightly backwards to separate the attachment of the ciliary 
body at this site and avoid stripping Descemet’s membrane. It enters the anterior 
chamber for about 3 mm. and is held there for 2 or 3 seconds to allow the gradual 
leakage of aqueous through the scleral incision. The blade of the repositor is 
now moved laterally first to the temporal and then to the nasal limit of the scleral 
incision, thus effecting a cyclodialysis 5 mm. wide. The repositor is then with- 
drawn and the scleral hook is left in place. 

The lateral incisions which complete the scleral flap are then made, either with 
Westcott’s scissors or with Herbert’s angled sclerotomy knife. Either the blade 
of the knife or one blade of the scissors is introduced on the flat for 2 mm. into the 
scleral incision and is then turned so that the cutting edge is directed towards 
the surface and the point converges about 1 mm. towards the limbus (Fig. 4). In 
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order to obtain a hinged scleral flap, these lateral incisions must reach the limbus 
and must converge so that the limbal hinge is 3 mm. long. The mobility of this 
scleral flap is now tested. The flap fails to move on its hinge if the lateral incisions 


are made parallel. 


Fic. 3.—Cyclodialysis. 


Fic. 4.—Scleral flap. 
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Basal Iridencleisis.—With his right hand the surgeon seizes the centre of the con- 
junctival flap with plane forceps, whilst with his left he passes a closed pair of 
Lang’s iris forceps into the centre of the scleral incision; then keeping close to the 
sclera, the forceps enter the anterior chamber. Whilst this manoeuvre is taking 
place, the conjunctival flap is brought forwards and then upwards so that the pro- 
gress of the iris forceps in the anterior chamber may be seen. About 2-5 to 3 mm. 
above the pupil margin the forceps is opened for 2 mm., the teeth are dipped slightly 
backwards'‘so as to engage the iris stroma, and the iris is drawn up into the scleral 
incision whilst the conjunctival flap is turned down over the cornea and its forceps 
grasp is released. This upward movement of the iris is halted when the pupil 
appears in the scleral incision. The surgeon takes in his right hand either Castro- 
viejo’s corneal scissors or a fine pair of de Wecker’s scissors, and with them makes a 
snip in the iris 1-5 to 2 mm. long immediately in front of the forceps (Fig. 5). 





Fic. 5.—Iridencleisis—snip in the Fic. 6.—Iridencleisis—cutting to- Fic. 7.—Iridencleisis—cutting 
iri wards the iris root with scissors. iris flap with cataract knife. 


One blade of the scissors is passed through this snip towards the iris root at the 
nasal end of the scleral incision and a cut, usually about 3 mm. long, is made 
(Fig. 6). A like procedure is then carried out on the temporal side. The folded 
tongue of iris based on its root is then laid on the sclera, so that about 2 mm. 
projects above the upper lip of the scleral incision. Its edges curl towards its 
posterior surface and it lies, or is arranged to lie, so that its endothelial surface is 
anterior and the pigmented epithelium makes a gutter or tunnel posteriorly. 

Dobree (1950) found that this iris tongue may be cut by passing a narrow 
cataract knife to transfix its root from the temporal to the nasal side and sweeping 
the blade forward to emerge immediately in front of the forceps (Fig. 7). 

The iris forceps are now released, and in doing this it may be necessary to lift 
the iris clear of the forceps teeth with the tip of an iris repositor. It may be necessary 
in some cases to replace the pupil by passing an iris repositor into each end of the 
scleral incision to the side of the basal tongue of iris included in the wound and 
with a gentle downward stroke towards the centre of the pupil to restore its circular 
contour. Often it is sufficient to apply an iris repositor to the upper part of the 
cornea and to make a downward stroke over its surface. 
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Penicillin is instilled on to the exposed sclera and the conjunctival flap is stroked 
back into place. The conjunctival incision is closed by a continuous key-pattern 
suture of 00 black silk (Fig. 8). 


Fic. 8.—Closure of conjunctival 
incision. 





A drop of atropine is instilled; tulle gras, an eye-pad, and a cartella shield are 
held in place by strips of Sellotape. 


POST-OPERATIVE TREATMENT AND COURSE 

There is no need for digital massage. Atropine is used for 4 days and omitted 
after this. The pad and bandage are left off 48 hrs after operation, and the eye is 
protected by a Cartella shield. The patient is allowed into a chair on the 4th day 
after operation and leaves hospital on the 8th day. The scleral flap remains open 
and drainage of aqueous along the tongue of iris seems to be effective, as judged 
by the reduction of intra-ocular pressure to within normal limits and the presence 
of a bleb which appears 8 to 10 days after operation. The anterior chamber is 
reformed on the day: after operation. 


RESULTS IN RECENT CASES 
MATERIAL.—From 1947 to 1952 I performed this operation on 142 patients 
(162 eyes—both eyes in forty patients), 24 with acute congestive glaucoma, 
and the remainder with chronic simple glaucoma. 
Age Incidence.—20 to 40 years, 5 per cent.; 41 to 60 years, 34-9 per cent.; 61 to 70 
years, 27:9 per cent.; over 70 years, 32:2 per cent. 
INTRA-OCULAR PRESSURE 


Pre-operative —20-30 mm. Hg, 16:9 per cent.; 31-40 mm. Hg, 33-3 per cent.; 41-50 
mm. Hg, 17-7 per cent.; 51-60 mm. Hg, 9-6 per cent.; over 60 mm. Hg, 22-5 per cent. 
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Post-operative-—Under 10 mm. Hg, 13-5 per cent.; 10-20 mm. Hg, 70-9 per cent.; 21- 
25 mm. Hg, 13-5 per cent. That is, 97-9 per cent. still have the intra-ocular pressure 
controlled within physiological limits in this series operated on during the 5 years 1947-52. 


THE BLEB.—Fig. 9 shows the type of bleb which forms after this operation. 
The shape is commonly that of a cocked hat, the lower border conforming 
with the limbus and the upper roughly convex upwards and irregular in 
outline. The transverse diameter is generally more than the vertical and the 
average measurements are 8x6 mm. The bleb begins to form on either the 
4th or 5th day after operation and is quite large and distinct on the 7th day. 
Its covering is thicker than the bleb after a trephine operation and it does not 
extend into the cornea as sometimes occurs after the latter operation. The 
transverse diameter was as much as 13 mm. in two cases; 12 mm. in two; 
11 mm. in ten, and 10 mm. in ten. In 94 eyes the diameters were 7 mm, 
transversely by 5 mm. vertically or more than this; in 28 the diameters were 
6x4 mm.; and in six 3x3 mm.; and in six it became either very shallow or 
flattened. A flat bleb occurred ultimately in two patients who had had this 
operation for acute congestive glaucoma, but the intra-ocular pressure has 
remained within physiological limits, 9-15 mm. Hg for 2 years, and there has 
so far been no recurrence of glaucoma. In two patients with chronic glaucoma, 
a flattened bleb has not been associated with a recurrent rise of intra-ocular 
pressure, which has remained at from 7 to 22 mm. Hg, but in one obese 
middle-aged woman with vascular hypertension, in whom this anterior 
flap sclerotomy with basal iridencleisis operation was done after failure with 





Fic. 9.—Bleb, 3 months after operation. (From Stallard, 1948), 
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a trephine operation, flattening of the bleb 2 years after operation was 
followed by a rise in intra-ocular pressure. 

There seems to be no definite relationship between the size of the bleb 
and the height at which the intra-ocular pressure becomes stabilized. In 
fact, in some instances of small blebs of 33 mm., the intra-ocular pressure 
was only 8 mm. Hg, whereas in eyes with large blebs the transverse diameter 
of which was 10x13 mm. and in one where the transverse and vertical 
diameters were 10x10 mm., the intra-ocular pressures were from 10 to 15 
mm. Hg. 

The blebs were measured at intervals of 1 to 2 months to note any changes 
in size, and to correlate any such change with alterations in the intra-ocular 
pressure. In many instances there was a contraction of the transverse diameter 
by 1 mm. but the vertical diameter remained the same, whilst in others there 
was an increase of 1 mm. in the transverse diameter. In three patients this 
enlargement amounted to 2 mm. and in one it was as much as 3-5 mm. 
In one patient the bleb increased transversely by 1 mm. to a diameter of 10 mm. 
during the 3 weeks after operation and ultimately contracted by 4 mm. to a 
diameter of 6 mm. without any change in the intra-ocular pressure which has 
remained at 13 mm. Hg. The vertical diameter in this case was unchanged. 
In another patient, the bleb contracted transversely by 3-5 mm. 7 months after 
operation, and 9 months later increased by 2 mm. Another patient had a 
decrease of 2 mm. in the transverse diameter of the bleb 3 months after 
operation and an increase of 2 mm. in the vertical diameter; 3 months later 
the vertical diameter had decreased by 2-5 mm. The largest decrease in trans- 
verse diameter of the bleb was from 12 to 7 mm. 

Three weeks after operation one patient suddenly lost the anterior chamber 
in the operated eye, and the bleb became flattened, but it was restored to 
8x6 mm. when the anterior chamber refilled. 


COMPLICATIONS 


(1) Choroidal Detachment.—This occurred in nineteen patients. The choroid 
became replaced within 3 weeks of operation in all except one patient in whom its 
persistence 4 months after operation necessitated scleral puncture and aspiration 
of the fluid from the supra-choroidal lymph space. 

It is probably caused by the seepage of aqueous around the tongue-shaped iris 
flap into the supra-choroidal lymph space, in fact, along the channels of the small 
cyclodialysis. In five patients the choroid was detached in three quadrants in front 
of the equator, in three in two quadrants, and in eleven in one quadrant. The lower 
nasal quadrant was the most commonly detached. In none did the detachment 
extend to the posterior part of the globe. Its presence did not seem to affect the 
size of the bleb, but the anterior chamber became shallower in most cases. 


(2) Iridocyclitis —Mild iritis was noted in four patients, one of whom had a 
l-mm. hyphaema 2 days after operation. Iridocyclitis occurred a year after 
operation in two females and it is difficult to assess whether this arose as a late 
sequel to the operation or through some other cause. In one of the patients, replace- 
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ment of the iris adjacent to the iris flap was difficult at the time of operation and 
subsequently the pupil became drawn upwards. 

(3) Late Infection of the Bleb.—This occurred in a man aged 70, 2 years after 
operation on the 3rd day after the onset of severe muco-purulent conjunctivitis 
due to B. pyocyaneus for which he had received no treatment. The infection of 
the bleb cleared up under treatment with polymixin. 

(4) Cataract.—Three patients showed vacuoles in the upper part of the lens after 
operation. Lens opacities which were noted before operation in six patients have 
progressed, and on three of these cataract extraction has been done without any 
adverse event. 

(5) Partial Detachment of Descemet’s Membrane.—Three patients had a thin 
curled-up shaving of Descemet’s membrane about 1-5 mm. long by 0-75 mm. wide, 
which lay obliquely across the upper margin of the pupil in two cases and on the 
middle of the iris in the 1) o’clock meridian in the other. No deep opacification of 
the cornea nor keratitis occurred in these patients (one had some diffuse superficial 
opacification of the cornea which was present before operation). 

FAILURES 

In three patients (2-1 per cent.) this operation failed to keep the intra-ocular 

pressure within physiological limits; in one failure was evident 5 weeks after oper- 


ation and in the other two (one with both eyes operated on) the intra-ocular 
pressure rose one year after anterior flap sclerotomy and basal iridencleisis. One 


of the latter was an obese middle-aged woman with vascular hypertension (see 
p. 000) upon whom a trephine operation had failed. In two of these patients 


a modified Lagrange’s operation has kept the intra-ocular pressure within physio- 
logical limits for 4 years. 

Two patients have had late iridocyclitis the origin of which is obscure. One had 
infection of the bleb 2 years after operation and the eye was saved by polymixin, 
the intra-ocular pressure remaining at 25 mm. Hg. 


SUMMARY 

An operation for glaucoma is described which combines the features of 
several others: 

(1) A hinged scleral flap 5 mm. in length at its free edge. 

(2) A small cyclodialysis. y 

(3) The inclusion between the lips of the scleral flap of a tongue of iris 
attached at its root and leaving the sphincter iridis intact. 

This study is based on 142 patients (162 eyes) operated on from 1947 to 
1952, 24 of whom had acute congestive glaucoma, and the remainder chronic 
simple glaucoma. 

In 97-9 per cent. the intra-ocular pressure was reduced to within physio- 
logical limits. (Under 10 mm. Hg in 13-5 per cent; 10-20 mm. Hg in 70-9 
per cent., and 21-25 mm. Hg in 13-5 per cent). So far the failures have 
amounted to 2-1 per cent. 
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CASE NOTES 
CONGENITAL TOXOPLASMOSIS* 


BY 


JAMES HILL 
Glasgow 


NUMEROUS cases of human infection with Toxoplasma hominis have been 
reported in the Americas and on the Continent of Europe since Janku (1923) 
described the first clinical case. The first undoubted case reported as occur- 
ring in the United Kingdom was that described by Jacoby and Sagorin (1948). 
Since then the number of cases reported in Great Britain have been fewer 
than expected. 

One case was reported by Wilson and Forest Smith (1949), two by Farquhar 
and Turner (1949), one by Ridley (1949), one by Nutt (1949), two by Hutch- 
ison (1949), and one by Hudson (1951). Hutchison (personal communi- 
cation) has seen three further cases since his report was published. In 
discussing Hudson’s case, Ridley remarked that he had seen two cases of 
toxoplasmosis 18 months previously, and none since, though he had been 
on the look out for them, and that his paediatric colleague had seen only one. 

The findings of Fisher (1951), and the later report by Burkinshaw, Kerman, 
and Sorsby (1953) on a population of mental defectives, indicate that an 
increasing proportion of positive toxoplasmin reactions is found with increas- 
ing age of population, and that this toxoplasmin positive reaction is usually 
acquired some years after birth. It cannot therefore be assumed that positive 
serological findings establish that abnormalities found in brain or eye, 
suggestive of toxoplasmosis, are in fact due to this infection. A positive 
serological reaction affords only moderate support for such a diagnosis, 
except in very young children. On the other hand, the presence of choroido- 
retinitis, together with calcification of the brain, establishes a high degree of 
probability that the lesions are due to toxoplasmosis. 

It may be that true congenital toxoplasmosis is a rarer disease than it has 
been thought to be, and another case’ is therefore of interest, especially to 
ophthalmologists, on whose findings the discovery of these patients will in 
many cases depend. 

The pathological, clinical, and radiological features of the disease have 
been carefully studied and described by Wolf and Cowen (1937), Wolf, 
Cowen, and Paige (1939a, b; 1941), and Cowen, Wolf, and Paige (1942). 
An excellent summary of the disease was given by Ridley (1949). 

The most characteristic clinical features of the congenital type of human 
toxoplasmosis are: 


Internal hydrocephalus with microcephaly, Disturbance of nervous function, 
Intracranial calcification, Bilateral macular choroido-retinitis. 





* Received for publication June 11, 1953, 
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- (i) Hydrocephalus. —This is an almost constant finding, — the heads of 
these patients are usually small. 

(ii) Intracranial Calcification —This is extremely common and takes the form of 
curvilinear streaks in the region of the basal ganglia or optic thalamus, or 
of multiple sub-cortical flakes of varying size scattered over the hemispheres. 

(iii) Disturbance of Nervous Function—This may take the form of mental de- 
ficiency, spasticity, or convulsions. 

(iv) Choroido-Retinitis—This affects chiefly the macular area, and is often associ- 
ated with optic atrophy. 





Other ocular complications are not uncommon; these include: 


Microphthalmos, Complicated cataract, 
Persistence of pupillary membrane, § Nystagmus, 
Iridocyclitis, Vitreous opacities, 

_ Papilloedema. 


The mode of transmission of the disease is unknown. It is known to 
affect animals and birds both wild and domesticated, and ticks have been 
suggested as possible vectors. 

Treatment is unsatisfactory and is usually aimed at the prevention of fur- 
ther damage. Summers (1949), reporting on toxoplasmosis in mice, found 
the following drugs effective, in this order: 


(1) 4, 4’-diamino-diphenyl-sulfone, 
(2) sodium sulphathiazole, 

(3) aureomycin, 

(4) sulphamerazine. 


Case Report 
A boy aged 10 months was referred to the Glasgow Eye Infirmary in October, 1952, 
having been examined at a child welfare eye clinic and found to have variable strabismus 
and a white area in both fundi. 
The child was reported to have been cross and irritable for 2 weeks previously, but to 
have appeared healthy until that time. 


History.—The mother stated that her health was good during pregnancy, and that the 
labour, which occurred at full time, was normal. The child’s weight was 6} lb. at birth. 
He appeared healthy and throve normally but was unable to sit up. (He did not sit up 
till he was 11 months old, and is still unable to stand alone at 17 months). No animals were 
kept in the house where the child was born, though the mother made two visits to the 
Zoological Gardens some months before the confinement. An older child, a girl of 3 years, 
is healthy and appears to have normal vision. 


Examination.—The child was found to be moderately well nourished. He opened the 
right eye more widely than the left, which appeared to be the smaller one. There was slight 
corneal haze in the right eye with some persistence of pupillary membrane. The left 
eye showed more marked pupillary membrane strands below. The pupils, however, 
dilated fairly well with atropine, and ophthalmoscopic examination was carried o ut 
under general anaesthesia. 

The right eye showed a pale atrophic disc with blurred margins, and a pale area of chor- 
oido-retinitis in the lower temporal quadrant with pigmentary disturbance involving 
the macular area (Fig. 1). 
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CONGENITAL TOXOPLASMOSIS 


Fic. 1.— 
Right eye. 





Fic. 2.—Left 
eye. 








The left eye showed a similarly pale atrophic disc with ill-defined edges, and a wider 
area of choroido-retinitis extending from the macular area to the lower temporal periphery; 
with gross pigmentary disturbance in the macular area. In the extreme periphery of this 
area of choroido-retinitis the retina appeared to be raised, but the view here was obscured 
by vitreous bands (Fig. 2). 
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X rays.—The child’s skull showed “ multiple irregular flakes of calcification throughout 





the brain suggestive of toxoplasmosis ” (Figs 3 and 4). The chest revealed no abnor- 
mality. 





Fic. 4. 


Medical Examination.—The child was re- 
ferred to the paediatrician, and admitted to 
the Royal Hospital for Sick Children, Glasgow, 
for further investigation. He was found to 
be microcephalic and mentally deficient. 
Blood samples were taken and the comple- 

Fic. 3. ment-fixation test for toxoplasmosis was found 

to be positive for both mother and child. 

The child’s serum gave a titre of 1/80. The mother’s serum gave a titre of 1/8. The cyto- 
plasm modifying antibody test was also positive for mother and child. Mother’s serum 
= titre of 1/180; child’s serum = titre of 1/530. Mother’s Wassermann reaction negative. 





Therapy.—A 2-weeks’ course of aureomycin was given in the hope of preventing further 
damage, but this did not produce any obvious improvement in the state of the patient. 


Summary 


A further case of congenital toxoplasmosis occurring in the United King- 
dom is reported. 

The eyes showed persistence of pupillary membrane, areas of choroido- 
retinitis, and atrophic optic discs. 

The child was microcephalic and mentally retarded. 

X ray of the skull showed areas of calcification in the brain. 

The complement-fixation test for toxoplasmosis and the cytoplasm 
modifying test were both positive for mother and child. 

The value of the combination of choroido-retinitis and brain calcification 
in establishing the diagnosis is stressed. 


My thanks are due to Dr. J. H. Hutchison for paediatric investigation and helpful advice, to 
Dr. S. P. Rawson for the x ray plates and radiological reports, to Professor C. B. Beattie of Sheffield 
for the serological reports, and to Mr. G. Donald for the fundus pictures. 
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APPLIANCES 
STANDARDIZED TONOMETERS |IN GREAT BRITAIN* 


BY 


C. R. S. JACKSON{ - 
Edinburgh 


THE purpose of this paper is to set out the steps which led to the first attempt 
to establish the standardization of tonometers in Great Britain, and to des- 
cribe the method by which it is proposed that such standardization shall 
be achieved. 

Acknowledgment must here be made to those upon whose detailed pre- 
liminary work the present project is freely based, and many of whose tech- 
niques and ideas are incorporated herein. Of first importance in this connec- 
tion is the American Academy of Ophthalmology and Otolaryngology, 
whose Committee on Standardization of Tonometers has gone far to arrive 
at a solution of many of the problems involved. Dr. Jonas S. Friedenwald 
has placed the knowledge of this committee, of which he was chairman until 
succeeded by Dr. Kronfeld, at my disposal, and has, by his encouragement 
and ready help, done much to enable us to take a step towards the international 
standardization of tonometers. 


DEVELOPMENT OF THE PROBLEM 


Schidtz, who originally described his instrument in 1905, showed his appreci- 
ation of the desirability of accurate manufacturing standards by establishing 
a factory in Oslo. These tonometers carried a certificate to the effect that 
they were replicas, in construction and performance, of the reference standard 
instrument. In a long series of calibration tests, carried out on excised 
cannulated eyes, Schidtz produced conversion curves which enabled scale 
readings to be converted into millimetres of mercury (mm. Hg) of intra- 
ocular pressure. 

While, therefore, the only Schiétz tonometers on the market were those 
coming from this one workshop, the question of standardization did not 
arise, but this state of affairs did not last very long, for the manufacture of 
“* Schidtz-type ’ tonometers spread to other countries and the instruments 
produced often resembled the original in little but appearance. In spite of 
this, these later tonometers were still sent out with reproductions of the 
original Schiétz calibration curves. Many workers have examined in detail 
the construction of such tonometers, and the experience of Harrington and 
Parsons (1941) is typical: 


*Received for publication July 24, 1953. 


+In receipt of a grant from, and working under the auspices of, the W. H. Ross Foundation (Scotland) for the Study 
of the Prevention of Blindness. 
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We have carefully checked the weights and measurements of a large number of 
““ Schidtz ” tonometers, some manufactured in Europe and some in the United States. 
We found no instrument that adhered to Schiétz’ original specifications and no two in- 
struments that were alike in more than the diameter of the plunger. 


No blame can be justly attached to the manufacturers in this matter, for 
the profession had given them no guidance as regards acceptable specifications, 
or the effects of apparently trivial deviations from standard. 


NEED FOR STANDARDIZATION 


When one is interested in the problem of tonometry, the question is often 
asked whether standardization of instruments is worth-while, or even desir- 
able. Those who regard such refinements as unnecessary argue that we are 
dealing here with a clinical instrument, and not with one of scientific accuracy, 
and with an examination in which many factors affect the readings. The 
values obtained depend not only upon the skill of the observer, but also 
upon the position of the patient, the length of time for which the instrument 
rests on the eye, and a number of other variables. These “ reading errors ” 
have been assessed by Friedenwald (1950) as of the order of +3 mm. Hg, and 
the “ instrumental errors” of standardized tonometers as of the order of 
+2 mm. Hg. 

While it is true that the tonometer is of limited value when used on an eye 
on an isolated occasion, it remains a valuable instrument in the study of 
the progress of disease in a given case, and particularly in the assessment of 
the results of treatment in glaucoma. Standardization of instruments will 
do two things. It will remove the present necessity for each surgeon to get to 
know what*‘he may expect from his own instrument; and it will ensure that 
readings obtained from the same patient with different instruments are com- 
parable, at least within the limits of error referred to above. 

Since Mackenzie (about 1830) first realized the essential importance of 
raised intra-ocular pressure in the pathogenesis of glaucoma, about fifty 
different types and modifications of tonometers, of varying degrees of com- 
plexity, have been described. Many of these are described and illustrated 
by Lloyd (1930), and the more recent literature contains descriptions of new 
instruments, among them the aplanation tonometer of Maurice (1951) and 
various electronic models. 

The question whether the Schiétz tonometer is about to be superseded 
cannot be answered dogmatically, but I think it unlikely. Here we have an 
instrument which has been in demand for over 30 years, which is easily 
portable and adequately rigid to stand the handling of daily use, and suffic- 
iently accurate for clinical purposes. 


CHECKING STATIONS ELSEWHERE 


Schiétz, realizing the fundamental need for standardization, set up his 
own workshop to produce the instrument, and also issued certificates with 
the instruments when they were sold. 
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When the manufacture of tonometers spread to other centres, certification 
was, in general, neglected. An early exception to this neglect is seen in some 
of the German instruments which, certainly in the 1930s, were issued with 
certificates stating how their construction compared with that of the original 
Schidtz instruments. 

In the course of time, various appeals for international standardization 
have been made, among them that of Comberg (1930) at the XIII International 
Congress, when a Committee was set up to study the problem. Individual 
effort was largely ineffective, although tonometer checking stations had been 
set up in various centres (e.g. in 1923 by Arnold at Tiibingen, in 1925 by 
Schidtz at Oslo, and in 1928 by Comberg at Berlin). 

It was in the United States, however, that the first move was made toward 
the now accomplished goal of standardization of tonometers on a national 
scale. In the 1930s Schoenberg and Posner set up a testing laboratory to 
examine the physical characteristics of the tonometers then in use. This 
venture was sponsored by the National Society for the Prevention of Blind- 
ness and a report was published by Schoenberg and Posner (1944). The 
desirability of attacking the problem ona national scale was recognized and, 
in 1942, the American Academy of Ophthalmology and Otolaryngology 
established a Committee on the Standardization of Tonometers, under the 
Chairmanship of Dr. Friedenwald. This has led to the establishment of 
three checking stations (in New York under Dr. A. Posner, in Chicago 
under Dr. Peter Kronfeld, and in San Francisco under Dr. D. O. Harrington 
and Dr. R. Shaffer.) 

The general method of examination of a tonometer has been described 
by Posner (1943), and it is not proposed to enter into the details of the tech- 
nique here. Suffice it to say that, by means of various balances and gauges, 
some of which have been specially designed for this work, all the relevant 
features of a tonometer’s construction and performance are tested, anda 
comparison is made between these and the specification of the standard 
instrument. The work is under the strict control of the Committee on Stan- 
dardization of Tonometers, but the routine testing of new instruments 
is now undertaken by an independent commercial organization, Electrical 
Testing Laboratories, Inc., of New York, by whom a charge is made to the 
manufacturer for testing his product. Certified tonometers have now been 
on sale in the United States for about 6 years. 


WHAT STANDARDS ARE TO BE ADOPTED? 


In a series of calibration experiments lasting more than 20 years, Schidtz 
drew up his chart, by which tonometer scale readings were to be converted 
into millimetres of mercury showing intra-ocular pressure. It is doubtful 
if the readings thus obtained represent the actual intra-ocular pressure, for 
they are dependent upon other factors, including the rigidity of the coats of 
the eye and their resistance to deformation. I agree with Duke-Elder (1937) 
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that it is desirable to refer to the results obtained as “mm. Hg (Schiétz) ”’, 
as an indication of the doubt that these are true millimetres of mercury. 
With these qualifications, however, it is likely that the results of Schiétz are 
a close approximation to the truth. In his masterly theoretical analysis 
of the problem of tonometry, with particular reference to the effect of differing 
ocular rigidity upon the results obtained, Friedenwald (1937) has modified 
slightly the original Schidtz curves, and the Committee on Standardization of 
Tonometers has accepted these as a basis for the curves issued with certified 
tonometers. I understand, however, that a more accurate set of curves is 
likely to result from calibration studies now proceeding, and that the present 
curves must be regarded as temporary, pending a final decision. 

Taking the original standard Schiétz instrument as a basis, our American 
colleagues have drawn up detailed specifications for new instruments, and 
have laid down degrees of tolerance within which deviations from the standard 
will be accepted. The development of these specifications has been gradual, 
extending from Specification No. 1 (1944) to Specification No. 4 (March, 
1952). A copy of this latest specification appears as an Appendix to this 
paper. 

These specifications have been drawn up in agreement with the manufac- 
turers, and the tolerances are such as can be met by current modern workshop 
practice. To insist on too high a standard of tolerance would have a serious 
effect on the retail price of the finished article. 





STANDARDIZED TONOMETERS IN GREAT BRITAIN 


THE PRESENT VENTURE 


It is proposed, in due course, to make available standardized tonometers 
for purchase in Great Britain. This will be achieved in conjunction with 
the manufacturers, by introducing the same standards and specifications as 
are current in the United States. The chief manufacturers have already 
agreed to co-operate, and they appreciate the opportunity of improving the 
usefulness of their instruments. Provisional estimates indicate that this change 
will lead to a rise in the price of tonometers, but this increase is not likely 
to be great. A tonometer checking station will be established in Edinburgh 
with the support of the W. H. Ross Foundation, and new instruments will 
be issued with a certificate of compliance with the currently accepted standards. 
Certain technical difficulties have yet to be overcome, and the profession 
will be notified when certified tonometers are available. It is to be hoped 
that this attempt to remove at least some of the sources of inaccuracy 
from instrumental tonometry will meet with the approval and support of 
ophthalmologists. 


POSITION WITH REGARD TO OTHER INSTRUMENTS 


All calibration studies so far undertaken have been concerned with the 
original Schiétz instrument (with weights) and with the Schidtz-Gradle 
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tonometer, and it is with the Schidtz instrument alone that this present work 


is concerned. 

With regard to “ Schidtz-type ” instruments which are already in service, 
and whose owners may wish to know whether re-calibration is possible, 
no definite programme has been agreed upon. American workers, as a 
result of experience gained in the examination of hundreds of tonometers, 
have arrived at a series of mathematical correction factors which are applic- 
able to such instruments, and it may be possible to introduce a system of 
recalibration in Great Britain. This aspect of the problem is still being studied. 
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APPENDIX 
SPECIFICATION No. 4 FOR SCHIOTZ TONOMETERS (March, 1952) 


All tonometers and plungers to carry serial numbers. 


The manufacturer’s name to be designated on the tonometer. 





| | Specification 









































No. Test me 
| | Standard | Limits 
1 | Weight | (grammes) | 
Plunger, lever and pointer 
Scale indication 5 | 5-5 +0-15 
Scale indication 10 \ 5-5 +0-25 
Tonometer without handle | 165 +0-5 
Load 7-5 | 2-0 +0-02 
Load 10- | 4:5 +0-02 
Load 15-0 | 9-5 +0-02 
2 | Friction between plunger and sleeve | 
The test for friction between the plunger and sleeve shall be that the plunger slides 
freely in the barrel when its axis is no more than 25° from the horizontal. This Negligible 
test to be made with the tonometer face up, face down, and in the two lateral 
positions 
3 | Friction between handle and sleeve Negligible 
4 | Foot-plate | 
Diameter 10-1 mm. +0-2 
Curvature 15-0 mm. +0-25 
Diameter of curved surface 9-0 min. 
Tonometer foot-plate to be free from visible dents, tool marks, and scratches, 
and to have a highly polished; surface. The criterion regarding the polish | } 
will be whether or not foot-plate curvature can be satisfactorily measured by an | 
| optical method. | 
5 | Plunger | 
Diameter (measured 0°-90°) | 3-0 mm. +0-03 
Curvature | 15-0 mm. +0-75 
Edge curvature-smooth, radius ; 0-212 min. 0-300 max. 
Plunger foot to be free from visible dents, tool marks, and scratches, and highly | 
polished | 
|(Tonometer | 
6 | Scale indication Scale) 
On 15 mm. standard -1 +0- 
On 16 mm. standard 0 +02 
On own block 0 +0- 
7 | Micrometer | 
Scale 5 5-0 +0-25 
Scale 10 10-0 +0-25 
Scale 18 +1-0 
8 | Wobble 
Plunger 0mm. 0-4 max. 
Fulcrum r Oomm \ 0-4 max. 
Pin at fulcrum to fit into its hole without wobble. Measurement of this 
to be determined by inspection and by the smoothness and reproducibility of 
| the pointer reading on the micrometer block as the plunger is raised and lowered | 
9 | Extension of plunger below foot-plate (mm.) 3-0 max. 
10 } Pointer | 
Depth (mm.) 3-0 max, 
Thickness (mm.) | 0-25 max. 
Distance between scale and pointer (mm.) 1-0 max. 
11 | Plunger contact with hammer Perpendicular 5-10 scale 





12 | Hammer, underside smooth, free from pits 





13 | Tonometer to have generally good construction 





14 | Test block to have a polished surface, 16 mm. + 04 spherical curvature + -14 mm. deviation from 
sphericity over an area of 11 mm. minimum diameter 





15 | Tonometer case to be dust-free and to contain a place for the plunger and 5-5 g. weight so that the instru- 
ment can be taken apart for packaging 





Schiétz Chart correct 

















CORRESPONDENCE 
AN INSTRUMENT INSPECTION CLAMP 


To the Editorial Committee of the British JOURNAL OF OPHTHALMOLOGY 


DEAR Sirs—I was glad to find in Mr. B. W. Rycroft’s article “‘ An Instrument Inspection 
Clamp ” (B.J.0., 1953, 37, 508) support for the thesis that optical control of sharp 
instruments is superior to the trial-drum. 

This idea, first introduced to the ophthalmic world by Schmidt (1911), has been a 
commonplace in the manufacture of razor-blades for a generation, and was first reduced 
(I believe) to a practical clinical level by J. F. Kayser and myself (1946, 1949). 

The attachment of instruments to a slit-lamp head-rest for inspection by the slit lamp 
has already been described by my one-time Registrar (now in Johannesburg) Dr. S. Etzine 
(1949), who found a carpenter’s clamp costing 1s. 4d. quite adequate. 

One might with great respect make two comments about the use of the slit lamp for this 
purpose by nursing staff: 

(1) the magnification of most slit lamps is on the low side, as a magnification 
of about x40 is needed for the adequate assessment of trephines and x90 for 
knives, though even x20 might still be superior to the trial-drum; 

(2) unless the theatre sister is more permanent than most, the surgeon would 
probably find it quicker and better to do the work himself than to teach the method 
to her and successors. 

The extra care our instruments require is a strong argument in favour of male theatre 
staff as being less liable to leave on marriage. 

Yours faithfully, 


JOHN FOSTER. 
45, PARK SQUARE, LEEDS, 1. 
August 31, 1953. 
REFERENCES 
Erzing, S. (1949). S. Afr. med. J., 23, 1044. 
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BOOK REVIEW 


Le Mécanisme de la Vision des Couleurs (Mechanism of Colour Vision). By J. SEGAL. 
1953. Pp. 351, 120 figs, 1 col. plate, 130 refs. Doin, Paris. (3,000 Fr.; 63s.). 


A new theory—whether right or wrong—is refreshing, especially in regard to a subject 
such as the mechanism of colour vision. As research work continues on this vast and 
complex subject the tendency has been to apply an unending series of modifications to 
the existing theories as each has been found incapable of accounting for new facts. Ségal, 
working in Henri Piéron’s Laboratory for the Physiology of Sensation in Paris, has ad- 
vanced for the first time a new,-systematic theory which must excite interest and will 
certainly not easily be accepted. In this readable monograph he reviews existing hypo- 
theses and finds them all wanting. He accepts the weight of evidence in favour of three 
fundamental types of chromatic receptors: that for extreme red he places in the crystalline 
pigment of the pigmentary epithelium of the retina, that for green in the retinal cones, and 
that for blue-violet in the macular pigment. The elaboration of this theory to explain 
the physiology of colour vision and the facts of colour blindness form the basis of this 
monograph which is at once interesting, stimulating, and provocative. Certainly the author 
has succeeded in enthusiastically throwing aside the mass of ideas and interpretations 
which make up our “ scientific baggage ’’ on this subject, and in making a completely 
fresh start. 
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NOTES 


OPHTHALMOLOGICAL SOCIETY OF THE UNITED KINGDOM 
Annual Congress, 1954 


Tue Annual Congress of. the Ophthalmological Society will be held in the Department 
of Chemistry, University of Durham, Newcastle-on-Tyne, on April, 22, 23, and 24, 1954. 
The main discussion, on “‘ Inflammatory Vascular Diseases affecting the Eyes’, will 
be opened by Mr. R. C. Davenport, Dr. S. P. Meadows, and Prof. J. B. Duguid. There 
will also be three short symposia: ‘‘ Cyclodiathermy ”; ‘‘ Changes in the incidence of the 
eye affections of coal miners in the past 25 years ”; “‘ Gonioscopy ”’. 

The annual dinner, to which members may bring guests, will be held at the Royal Station 
Hotel on April 22. A civic reception will be held at the Laing Art Gallery on April 23, 
at 9 p.m. 


Honorary Secretaries: A. G. Leigh (Council Business), Arthur Lister (Congress Business), 
45 Lincoln’s Inn Fields, W.C.2. 


XVII INTERNATIONAL CONGRESS OF OPHTHALMOLOGY 
Montreal and New York, 1954 


THE International Council of Ophthalmology on June 20 extended the scope of the XVII 
International Congress scheduled to be held in New York in September, 1954; in addition 
to the programme already arranged for the New York meeting there will be a 2-day session 
in Montreal, Canada, on September 10 and 11; the Congress will reconvene in New York 
from September 13 to 17. The registration fee will cover both the Montreal and the New 
York sessions. 

Details of the two meetings will be announced later. Preliminary announcements, 
including forms for registration, travel, and hotel reservations, and for the submission of 
contributions, have been mailed to all ophthalmologists in the world whose addresses we 
were able to obtain. Applications should be completed as soon as possible particularly 
by those from overseas. Foreign guests who expect to attend both the Montreal and the 
New York sessions should apply now for a United States visa as well as a Canadian one. 
Advance registration and the administrative affairs of the Congress will be handled through 
the office of the Secretary General, Dr. William L. Benedict, 100 First Avenue Building, 
Rochester, Minn. 

For travel arrangements from Great Britain see the announcement in the September 
issue of this Journal. 


W. L. BENEDICT, 


INTERNATIONAL SYMPOSIUM ON THE GENERAL PHYSIOLOGY 
AND PATHOLOGY OF THE EYE 


AFTER the XVII International Congress of Ophthalmology and the meeting of the American 
Academy of Ophthalmology and Otolaryngology in New York in September, 1954, an 
International Symposium on the General Physiology and Pathology of the Eye will 
be held at the Department of Ophthalmology, College of Medicine, State University of 
Iowa, in Iowa City, Iowa. 

This symposium will be held on September 24 and 25, 1954. The following guest 
speakers will participate: G. von Bahr (Sweden), G. B. Bietti (/taly), J. Boeck (Austria), 
H. Henkes (Holland), O. B. J. Keiner (Holland), H. K. Mueller (Germany), and E. Wolff 
(England). All papers and discussions will be in English. The detailed programme will 
be announced at a later date. 
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702 NOTES 


INTERNATIONAL ORGANIZATION AGAINST TRACHOMA 


A MEETING of the Council was held in Paris on June 22, 1953. 

Dr. P. Bailliart (France), and Prof. G. B. Bietti (Jtaly) were elected to the newly-created 
posts of Vice-President. Prof. Arnold Sorsby (Great Britain) was elected Secretary- 
General on the resignation of Professor Mulock Houwer. The following were elected 
as additional members of the Council: Dr. Maxwell Lyons (World Health Organization, 
Geneva), Dr. Phillips Thygeson (U.S.A.), and Dr. Busacca (Brazil). 


First LATIN CONGRESS OF OPHTHALMOLOGY 
Rome, 1953 


THE congress, held at the Palazzo Barberini in Rome from June 10 to 13, 1953, under the 
patronage of the President of the Italian Republic, was attended by ophthalmologists from 
more than twenty countries, including Sir Stewart Duke-Elder, President of the Inter- 
national Council of Ophthalmology, and Professor Moacyr Alvaro, President of the Pan- 
American Society of Ophthalmology. The inaugural address was given by Dr. P. Bailliart 
(Paris), under the chairmanship of the Mayor of Rome and in the presence of H. E. 
the Cardinal of Rome. 


Post-operative Astigmatism.—The opening speakers, Drs de Saint-Martin (Toulouse) 
and J. Sédan (Marseilles), dealt with the relationship of aphakic astigmatism to various 
operative techniques and the complications and hazards of operation and convalescence. 
Keratographic charts constructed by Prof. M. Amsler (Ziirich) were shown. Numerous 
members took part in the ensuing discussion. 


Surgery of Astigmatism.—Prof. J. Malbran (Buenos Aires) showed several films and 
spoke of the surgical treatment of keratoconus; the films aroused such interest that they 
were shown again on the following day. 


Toxoplasmosis.—Prof. A. Bucalossi (Genoa) dealt with the parasitology, immunology, 
and other general features of this condition, Prof. J. Francois (Ghent) considered the clinical 
aspects, and Profs A. Franceschetti and F. Bamatter (Geneva) expounded their work on 
animal toxoplasmosis as well as congenital and acquired toxoplasmosis in man. 


Papers on various clinical and experimental subjects were given by other congressionists, 
and operations were demonstrated by H. Arruga (Barcelona), J. Malbran (Buenos Aires), and 
J. Charamis (Athens) under the direction of Prof. E. Leonardi in the Provincial Ophthalmic 
Hospital of Rome. Films were presented by G.-P. Sourdille (Nantes), M. Pagani 
(Vercelli), J. Charamis (Athens), H. Arruga (Barcelona), B. Strampelli (Rome), and 
L. E. Grancini (Milan). 

The members of the congress were received in audience by the Pope, who made a 
gracious speech first in French and then in Spanish and Portuguese. A reception was held 
by the Ministry for Foreign Affairs at the Villa Borghese. Other social events included a 
concert at the Castel Sant’Angelo and visits to Ostia Antica, the Villa Adriana, and the 
Villa d’Este. The Uruguayan Ambassador, who took the chair at a banquet on the last 
evening of the congress, proposed the toast of Latin friendship and civilization. 

The second Latin Congress of Ophthalmology is expected to take place in Madrid in 
1956, when the main subjects for discussion will be acrylic material in ocular surgery, 
orbital surgery, and surgery of the lacrimal ducts. 


Mr. D. P. Cuoyce, F.R.C.S., has been appointed consultant surgeon to the Hospital 
for Tropical Diseases, London. 


Sir Stewart Duke-ELper has been elected a member of the Royal Society of 
Sciences of Uppsala, Sweden. 








As = 45 & 


nn - 





ed 
y- 


mn, 


yf 











OBITUARY 


CHARLES BERNARD GOULDEN 


CHARLES BERNARD GOULDEN was born at Canterbury, of Huguenot stock. His immediate 
ancestors had returned to the Roman Catholic faith, and he was educated at St. Edmund’s 
College, Old Hall, near Ware and at Downing College, Cambridge. He continued his 
medical education at the Middlesex Hospital where he won the Freeman Scholarship. 
After being house surgeon at the Middlesex he decided to take up ophthalmology and 
entered Moorfields Eye Hospital (R.L.O.H.). Three years of experience at Moorfields 
found him ready to start in pri- 
vate practice but he spent one 
year at Bristol as Demonstrator 
of Anatomy. 

In 1908 he began to practise 
in Oldham, where he was 
appointed Ophthalmic Surgeon 
to the Royal Infirmary. He 
was still there at the beginning 
of the 1914-18 war and did 
most useful work in the organ- 
ization of the Red Cross in 
that area from 1914-16. He 
would not enter the R.A.M.C. 
unless he could be accepted 
for ophthalmic work since he 
felt that this would be his 
most useful service. Conse- 
quently he did not receive a 
commission until the middle of 
1916 when he was appointed 
to the 13th Stationary Hospi- 
tal, Boulogne, then the chief 
eye centre in France, just be- 
fore the beginning of the 
Somme offensive. The hospi- 
tal contained fifty ophthalmic 
beds, which soon increased to 

CHARLES BERNARD GOULDEN seventy and later to 120, and 

its own operating theatre. 

Here Goulden found an ade- 

quate sphere for his energy, and under Colonel, afterwards Sir William, Lister, contributed 

a large share to the great volume of work done there. This was the writer’s first acquain- 

tance with Goulden, except for a brief chance encounter at a dinner given to William Lang 
about 4 years before, and it was the beginning of 2 years’ war work together. 

Charles Goulden was an invaluable and delightful colleague, helpful and sympathetic 
in all difficulties, but determined and persistent when his experience indicated that some 
particular course was right. Differences of opinion there might be but never serious 
disagreements. 
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Work was not the only activity which, engaged his attention during this period. Music 
had always been a passion with Goulden, in fact he once said that it was his chief interest 
in life and that he did eyes for a living, and so it was quite in character that at the Hospital 
he got up a male voice choir which performed most successfully under his leadership 
and in which he seemed to have the kn*:k of making men with good voices but little 
musical sense put up a good performance. However hard-worked the hospital was he 
generally managed to get in at least one choir practice a week and it was always well 
attended. What this meant as a relief to the constant strain of dealingwith the never- 
ceasing stream of casualties can hardly be imagined. 

After 2 years he was put in charge of the ophthalmic work at Rouen, an appointment 
he felt bound to accept since it was a definite and well-earned promotion, though he left 
Boulogne with regret. He remained at Rouen until the end of the war. 

On returning to England he was persuaded by Lister to give up his practice at Oldham 
and come to London, where he was appointed to the staff at Moorfields and ophthalmic 
surgeon at the London Hospital. His work in both hospitals was of a most distinguished 
character, and his share, a major one, in the introduction of the slit-lamp and the institution 
of slit-lamp instruction at Moorfields was particularly valuable. With characteristic 
thoroughness he spent some weeks with Vogt at Ziirich in order to prepare the slit-lamp 
instruction courses at Moorfields. 

He succeeded Hepburn as Dean of the School and his work in organizing post-graduate 
instruction was most successful. He was himself a good teacher, both in his clinic and in 
the lecture room, since he always insisted on a thorough mastery of the subject and he also 
possessed that slightly dogmatic outlook which characterizes some of the best teachers. 
He retired from Moorfields in 1939 but soon came back again in order to dothe work of 
younger men serving with the forces. Added to this was a very considerable volume of 
advisory work for the Ministry of Health and the Emergency Medical Service, work which 
no one could have done so well, for his knowledge of the men available and the needs of 
the areas was unrivalled. gz 

At the end of the war it was a fitting recognition of his distinction and achievement in 
ophthalmology when he was elected President of the Ophthalmological Society of the 
United Kingdom, 1945-6. His presidential address on Purkinje was but one example of 
his keen interest in history, both scientific and general. It is sad for his friends to reflect 
that when the war was over and he might have looked forward to years of quiet enjoyment 
in retirement at Shepreth he should have had to undergo two major operations for condi- 
tions which not only hastened his death but must have made the last few years difficult 
and burdensome. But visiting him at the delightful Mill House which was his home and 
meeting him at the O.S.U.K. Congress in London, one was not struck by any feeling that 
his spirit was affected. He remained cheerful, alert, and keenly interested in all that was 
happening in the ophthalmological world. 

Goulden was an ophthalmic surgeon of eminence in every way, a skilful and neat oper- 
ator, a good diagnostician and a valuable opinion on any sort of case. His translation 
of Koby’s text-book on the slit-lamp in collaboration with Clara Harris, and an exceedingly 
good book on “ The Refraction of the Eye ” were his major literary works, but he con- 
tributed regularly and most valuably to the Transactions of the O.S.U.K. and to the Pro- 
ceedings of the Ophthalmic Section of the Royal Society of Medicine, of which Section 
he was also President. He always kept closely in touch with Continental ophthalmology 
and his readiness to adopt methods from abroad was well shown by his advocacy of 
Wheeler’s operation which he made peculiarly his own. 

Goulden was a steadfast and loyal friend, he had a great sense of justice and right action 
and reacted vigorously to anything which he thought unfair or unjust. He will be remem- 
bered with respect for his valuable services to ophthalmology and most affectionately 
by his friends who admired him so much. 

M. WHITING. 








